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GEITERAL  IHTRODUCTIOH 

Wheneyer  we  hare  a  membrane  or  Its  equivalent »  that  is, 
fine  capillaries,  or  even  a  solid  surface  (or  medium)  in  contact 
witli  a  solrent  (a  liquid  medium)  there  will  be  dereloped  an  elec- 
tric double  layer  at  the  surface  of  contact.   This  will  depend  in 
magnitude  and,  in  most  cases,  in  nature,  upon  the  relative  dielec-- 
trie  constants  of  the  solid  and  liquid  media.  If  a  difference  of 
potential  is  now  established  in  the  liquid  medium,  either  the  liq- 
uid or  solid  will  migrate,  depending  upon  which  is  fixed,  in  the 
direction  which  depends  upon  the  sign  of  the  charge  established  by 
contact.  This  electric  charge  will  be  affected  by  the  presence  of 
any  substance  which  may  be  adsorbed,  as  a  molecule  or  ion,  thus 
altering  the  nature  of  the  surface.  With  the  same  potential  grad- 
ient this  will  increase  or  decrease  the  flow  according  as  such  pre- 
ferentially adsorbed  substance  bears  a  poaitire  or  negative  charge 
or  orients  itself  in  such  a  way  as  to  produce  such  charge.  Adsorp- 
tion of  a  neutral  substance  may  also  affect  the  flow  by  o]^nging 
the  dielectric  constant  ratio.  Whether  the  adsorbed  substance  is 
^•utral  or  charged  depends  upon  the  membrane,  its  nature  and  sur- 
face, the  substance  Aissolred  or  suspended,  and  the  liquid  medium. 
Such  phenomena  are  classed  as  electro  kinetics. 

There  are  two  types  of  electro  kinetics: 
Class  A.  1.   The  membrane  is  fixed  and  the  liquid  medium  free 
to  more.   This  is  known  as  electric  endosmose. 


Rreundlioh-zaplllarohemie .  ^^^^^  ^  GoOgk 
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2.   The   partloles  of  solid  migrate  in  the  liquid 
medium*  This  is  known  as  cataphoresis. 
Class  B«  1.     The  ahoya  conditions  may  he  reyersed.  If  wat- 
er is  forced  through  fine  capillaries  a  differ- 
ence of  potential  will  he  estahlished  at  the 
ends  of  the  capillaries.  Such  a  phenomenonis 
illustrated  by  Quincke's  diaphragm  currents.^ 
2.     The  falling  of  small  particles  thru  a  liquid 
may  establish  a  difference  of  potential  as 

illustrated  by  the  dropping  electrode  of  Ost- 

3 

wald. 

This  work  has  to  do  entirely  with  Class  Al«  Electric 
endoamose  is  a  necessary  concomitant  of  all  electrolysis  in  both 
aqueous  and  non-aqueous  solutions.  It  is  affected  by  and  affects 
such  electrolysis  in  a  positire  or  negatire  manner  depending  upon 
all  factors  which  affect  the  nature  of  the  membrane  or  solid  med- 
ium and  the  solution  or  liquid  medium.  Such  solid  medium  may  be 
oovrely  the  container  in  which  the  experiment  is  carried  out,  thou^H 
a  porous  cup  or  membrane  will  make  such  effects  much  more  apparent. 

"The  name  endosmose  is  a  misnomer''*  because  we  have  here 
no  difference  in  concentration  of  the  two  solutions  separated  by  the 

.  ^Wied^Ann.,  7,  351-1879. 

3  Zeit.  phys.  Chemie.,  1,  583  (1887). 

4  Bigelow,  Theoretical  &  Physical  Chemistry. 
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membrane,  only  as  they  beoome  ohanged  during  the  progress  of  the  ex- 
periment* Snoh  misnomers  are  quite  frequent  in  ohemieal  literature 
but  the  names  are  retained  for  traditional  reasons.  Eowever;  recent 
work  by  Bartell,^  Bartell  and  Hooker,^  and  Jacques  Loeb  shows  that 
many  of  the  peculiarities  of  **free  osmosis**  can  only  be  explained  by 
the  theoretical  consideration  now  applied  to  electric  endosmose;  and 
the  relationship  may  not  be  so  farfetched  after  all# 

Practically  all  the  experiments  of  a  quantitatiye  nature 

on  this  problem  hare  been  carried  out  with  water  as  the  liquid  medium. 

fi 
Only  in  a  few  cases  hare  other  substances  been  used:  liquid  ammonia, 

9  10 

methyl  alcohol,  and  ethyl  alcohol.    It  was  because  of  this  and  of 
the  meager  quant itat ire  data  in  general  that  these  researches  were 
undertaken.  Work  was  carried  out  with  a  number  of  typical  non-aqueous 
Bolyents  in  an  endearor  to  determine  if  the  principles  and  rules,  ap- 
plied to  water,  held  for  such.  Besides  certain  preliminary  work  with 
water  the  following  solrents  were  tested:  acetone,  amyl  alcohol,  ni- 
trobenzene, pyridine,  benzaldehyde  and  n-butyl  alcohol.  Using  membran- 
es of  the  same  material  and  nature  (filter  paper)  in  each  case  the 
effects  studied  were:  change  of  roltage,  varying  permeability  of  the 

5  J.   Am.  Chem.  Soc,  36,  646  fl914). 

6  J.  Am.  Ohem.  Soc,  38,  1029  (191ft) 

7  J^  Oen.  PhyaU'^lt  717  (1919);  2,  387;  563  (1920). 

8  Ascoli-Comptes.rendus,  13l,  ^369  (1903). 

9  Bandouin-Comptes.  rendus,  138,  898,  (1904). 

10  Barrat  fc  Harris-Biochem.  Jou. ,  6,  315  (1912) 
Remy-Zeit-Phys.  Chemier89,  467;  529  (1915) 
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membrane «  presenoe  of  aold  and  alkali,  addition  of  various  cations 
and  anions,  of  varying  concentration  of  the  added  salt,  of  the  change 
of  temperatiLre  and  of  added  water  hoth  to  the  pure  solvent  and  to  the 
solvent  containing  a  dissolved  salt*  ?rom  this  data  some  very  inter- 
esting  conclusions  have  heen  drawn. 

HI8T0RI0AL  ASP   THEORETICAL  IgTRODUCTIQg 
Tile  phenomenon  of  electxie  endosmose  was  first  ohserved 
by  Reuss  in  1807,   working  with  two  glass  tubes  (each  containing 
an  electrode)  which  were  filled  with  water,  and  placed  upright  in 
a  lump  of  clay,  fhe  clay  acted  as  a  membrane  but  not  heing  very 
firmly  packed  also  tended  to  migrate  in  the  opposite  direction  to 
that  of  the  water  which  rose  in  the  cathode  tube#  So  he  secured 
both  phenomena  of  endosmose  and  cataphoresis. 

Porrett^  rediscovered  the  phenomenon  in  1816  and  it 
was  hecaui9e  he  thought  he  detected  an  analogy  with  **free  osmosis** 
that  the  name  In  use  was  adopted.  De  la  Rive,^^  Becquerel, 
Darrlell,^^  and  lapier^^  also  studied  the  phenomenon  in  a  similar 
way  hut  added  nothing  to  its  explanation* 

^  Memoites  de  la  soc«  imp*  de  naturalist  as  a  Koseau, 
2,  327  (1807) • 


^^  Thomsen's  Jour.  July,  1816  • 

^^  Traite*  de  1»  Eleotr.,  2,  379,  (1825) 
Ann*  de  Chim»et  de  Phys.,  28,  125* 

^*  Traits'  de  1»  Bleotr.,  »,  102  (1826 )• 

^^   Ann*  d.  Physik  u*  Chemie,  1,  569  (1826). 
^^  Phil*  nag*  July,  1846. 
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In  186S-56  Wiedemann^^  took  up  the  work  and  presented 
aereral  generalisations.  He  used  a  porous  clay  oup  containing  a 
platinum  electrode  and  placed  this  in  a  larger  vessel  of  the  solu- 
tion to  be  studied  containing  the  other  electrode.  A  glass  tube 
connected  to  the  cup  and  passing  horizontally  oyer  to  a  weighing 
bottle  served  to  measure  the  amount  of  liquid  passing  into  the  cup# 
He  also  connected  a  manometer  to  this  tube  in  his  later  experiments. 
But  obviously  a  large  error  due  to  hydrostatic  pressure  must  have 
been  introduced  in  either  case. 

His  oonslusions  were  three: 

1.  She  mass  of  liquid  transported  in  unit  time 
throu^  a  porous  membrane  is  directly  proportional  to  the  strength 
of  the  electric  current »  and  for  a  given  membrane  material  and  giv- 
en current  strength^  it  is  independent  of  the  length  and  sectional 
area  of  the  membrane. 

S.  Ihe  difference  in  hydrostatic  pressure  maintain- 
ed by  electric  endosmose  between  the  two  sides  of  a  porous  membrane 
varies  directly  as  the  current  strength »  and  for  a  given  membrane 
material  and  a  given  current*  is  proportional  directly  to  the  length 
and  inversely  proportional  to  the  sectional  area  of  the  membrane;  it 
is  also  proportional  to  the  specific  resistance  of  the  liquid  in  the 
case  of  an  aqueous  solution. 

3.  Por  a  given  membrane  material,  the  difference  in 
hydrostatic  pressure  maintained  between  the  two  sides  of  a  porous 
membrane  is  proportional  to  the  applied  potential  and  is  independent 
^''^  Pogg.  Ann.,  87,  321  (1852);  Wied.  Ann.,  99,  177  (1856) 
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of  the  dimensions  of  the  membrane.  So  if  E  is  the  equilihriitm 
height »  0  the  ourrent^  B  the  speoifio  resistanoe,  T  the  thiokness 
of  the  membrane  and  8  the  cross  seotional  area 
H*  constant  x  CRT 

JLlso  sinoe  BI  represents  the  resistance  of  the  membrane,  the  ex« 
pression  C  B^  becomes  CBI*  or  it  equals  the  potential  fall  between 
the  sides  of  the  membrane,  -  £•  So  the  formula  becomes 

H^  constant  x  E 
He  also  concluded  that  the  current  caused  the  direct  transport  of 
liquid  (i«e«  toward  the  cathode)  by  rirtue  of  an  attraction  which 

It  exerted  upon  each  element  of  rolume  of  the  liquid  trans f erred « 

18 
Ihls  conclusion  was  contested  by  Graham,  V*  Quintus  Ici- 

liuB,^*  and  Brede  and  Longemann^^  ^^o   showed  that  no  transport  of 

liquid  could  be  demonstrated  unless  a  membrane  or  its  equirftlent 

were  present. 

In  1853  Baoult^*^  assumed  the  formation  of  compoxinds  by 
the  products  of  electrolysis  and  the  solrent;  with  a  consequent 
change  of  Tolume  but  submitted  no  experimental  eridence  to  prore 
his  theory. 

In  1856  Hittorf,^^  who  was  then  carrying  on  some  studies 
on  migration  yelocities  of  ions,  said  electric  endosmose  had  no  con- 
nection with  the  Telocity  of  the  ions* 

^®Bhil.  Mag.,  8,  151  (1854) • 
19  Lehrbuch  der Experimental  Physik,  S*  642  (18B5) 
£0  Ann.  d.  Physik- u.  Chemie.,  100,  149  (1867) 

21  Oomptes  rendus.,  36,  826  (1853) 

22  Pogg.  Ann.,    98,    9   (1858)  Digitized  by  GoOgk 
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Welske   In  1656  sAtd,  ''Tihere  is  an  aeotumilatlon  of  eleo- 
trioity  at  the  surface  of  contact  of  electrolytes  and  electrodes. 
She  less  the  conductance,  the  more  Important  is  this  accumulation. 
She  oation  is  a  'better  conductor  than  the  anion;  so  when  this  good 
oonducting  cation  goes  to  the  cathode  it  takes  a  negatire  charge 
from  that  electrode  which  spreads  orer  the  cations »  leaving  no  charge 
on  the  cathode.  In  the  case  of  anions  they  take  a  pes it ire  charge 
at  the  surface  of  contact  with  the  anode,  hut  this  charge  does  not 
spread  oyer  the  poor  conducting  anion  and  so  the  solution  is  driren 
to  the  negative  electrode.  Though  this  theory  is  not  clear,  it  is 
imoportant  as  a  forerunner  of  the  Quincke,  Eelmholtz  theory  which  will 
he  cited  later* 

In  1860  ICattenci^^  considered  electric  endosmose  as  a  phe- 
nomenon entirely  separate  from  electrolysis. 

Wiedemann  and  Quincke  in  1861^^  and  Quincke  in  1679^^ 
studied  the  phenomenon  in  a  capillary  tuhe,  considering  a  membrane 
as  merely  a  bundle  of  such  tubes  and  advanced  a  theory  which  with 
certain  modifications  is  accepted  today.  It  was  during  these  re- 
searches that  Quincke  forced  liquid  thru  a  porous  membrane  and  found 
that  differences  of  potential  were  produced  at  opposite  ends  of  the 
membrane  pores.  These  **diaphragm  currents**  gave  rise  to  the  law: 

^  Pogg.  inn.,  103,  466  (1858) 

^  Comptes  rendua,  51,  914  (1860) 

25 

Pogg.  Ann*,  113,  513  (1861) • 

^^  Wied.  Ann.,  7,  351  (1879);  Pogg.  Ann.,  107,  1(1869) 
-HO,  38  (1860) 
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*nniaxi  water  is  forced  at  a  certain  rate  through  a  porous  memhrane 
the  difference  of  potential  produced  la  Independent  of  the  dimen- 
sions of  the  membrane  hut  Is  proportional  directly  to  the  hydros- 
tatic pressure  #** 

Quincke  considered  electric  endosmose  as  an  electro  capi- 
llary phenomenon  depending  upon  the  natural  potential  differences 
at  the  surface  of  separation  of  two  unlike  substances:  solid  and 
solution.  In  the  case  of  clay  and  water  the  water  la  contact  with 
the  capillary  wall  is  positively  electrcified  and  is  therefore   ^ 
attracted  to  the  cathode.  Be  also  said,  the  smaller  the  pore  the 
greater  the  endosmose.  If  the  solid  la  not  fixed  it  will  migrate 
to  the  electrode  bearing  a  charge  opposite  to  that  established  on 
it  by  contact.  This  flow  will  be  continuous  in  most  cases  because 
there  la  a  steady  re-establishment  of  the  double  layer. 

Che  experiments  of  these  two  men  were  rery  elaborate  and 
important  and  they  gare  Belmholtz  material  for  his  mathematical 
theory  of  electric  endosmose.  They  used  distilled  water  and  aolu- 
tiona  df  salts  and  acids  and  found  that  the  addition  of  such  elec- 
trolytes to  pure  water  decreased  the  endosmose.  Quincke  foiznd  that 
the  rate  raried  inrersely  as  the  fourth  power  of  the  diameter  o^he 
capillary  tube  used.  Coated  with  shellac »  the  glass  tube  gare  a 
greater  flow  but  silrer  tubes  gare  less  flow.  He  also  noted  that 
alcohol  was  slower  than  water  and  that  turpentine  in  glass  gare  a 
reverse  flow  but  if  lined  with  sulphur  the  flow  was  toward  tha 
cathode  again.  Both  state  that  the  encCosmose  in  equal  periods  of 
time  is  directly  proportional  to  the  intensity  of  the  electric 
current  and  under  like  conditions  Independent  of  the  area  or  thick- 
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nets  of  tlia  porous  wall* 

Bnglamami^^  in  1874  tried  the  effect  of  different  meift- 
l)rane8  with  a  rather  imlque  apparatus  and  was  one  of  the  first  to 
note  that  the  presence  of  electrolytes  changed  the  endosmose* 

It  was  left  to  Helmholti^®  to  develop  quant itatirely  and 
nathematlcally  the  qualitatlye  results  of  Quincke.  He  put  forth 
very  clearly  the  Idea  of  an  electric  double  layer  theory  which  had 
been  previously  suggested.   The  distrihutlon  of  charges  in  this  lay- 
er is  such  that  the  solid  surface  is  charged  oppositely  to  the  liq- 
uid in  contact  with  it  and  this  orientation  produces  the  electric 
double  layer*  He  demonstrated  by  fonmilae  that  endosmose  varied 
directly  as  the  specific  resistance  of  the  solution^^which  was  later 

disproved  by  Holmes^^  in  the  case  of  certain  nitrates. 

30 

Lamb   has  shown  that  if  the  liquid  is  not  a  perfect  insu- 
lator the  application  of  a  potential  gradient  will  result  in  a  con- 
tinuous flow  of  liquid  along  the  surface  of  the  solid. 

?reund^^  in  1879  found  that  with  Zn  SO4  solutions  endos- 
mose varied  inversely  as  the  concentration* 

32 

Grornez   in  1879,  from  his  studies,  concluded  that  the 

addition  to  water  or  alcohol  of  any  substance  which  changes  the  con- 
^''^Aroh.  Heerland,  9,  332,  (1874). 
^®Wied*  Ann.  7,  337  (1879) 

^^octors  Dissertation  -  Johns  Hopkins  University  (1907). 
^^hil.  Mag.,  25,  52  (1888)* 
Allied.  Ann*,  7,  51  (1879). 

OoBDptea  rendus.,  89,  303  (1879)* 
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duotivity  would  deoreasa  the  amonnt  of  liquid  transf erred • 

33 

Gore  In  1880   apeaks  of  negative  endosmose  with  alcoho- 
lic solutions  of  barium  bromide.  With  sixty-seven  substances  he 
found  endosmose  with  all  except  ECH« 

In  1890  Shaw^,  after  a  careful  study  of  the  problem, 
said  that  endosmose  is  a  feature  of  the  mschanism  of  electrolysis, 
the  motion  being  due  to  a  drift  of  complex  ions  made  up  of  an  ion 
of  the  salt  attached  to  a  large  number  of  solvent  molecules.  Also 
IhetKao?^  suggested  that  the  inverse  proportion  of  the  concentra- 
tion of  the  solution  and  electric  endosmose  shows  that  in  dilute 
solutions  the  complex  ion  must  carry  many  thousand  molecules  but 
it  is  not  directly  connected  with  electrolytic  processes. 

Coehn's  work   gives  a  coorprehensive  expression  to  the 
double  layer  theory  of  Quincke  and  Eelmholtz.  As  to  why  such  an 
electric  double  layer  should  exist  he  suggests  that,  as  the  endosmose 
increases  with  the  difference  in  dielectric  constants  of  the  membrane 
and  solution,  whenever  two  non-miscible  substances,  one  of  which  is 
a  pure  liquid,  are  in  contact,  the  substance  with  the  higher  dielec- 
tric constant  is  positive  to  that  with  the  lower*  Although  he  worked 
only  with  pure  solvents,  this  rule  has  explained  most  subsequent  phe- 
nomena under  similar  conditions.  It  must  be  remembered  in  applying 
this  rule  that  the  least  trace  of  a  charged  adsorbable  substance  must 
naturally  affect  the  charge,  as  will  be  seen  in  later  work. 

33proc.  Hoy.  Soc,  31,  253  (1880). 

^.  A*  Heport,  202  (1890). 

^^Theory  of  Solutions.,  p.  292. 

36wied.  Ann.,  64,  227  (1898). 
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In  the  year  1903  Smoluohowski^''^  developed  the  formula, 
whloh  now  'bears  his  name,  for  the  volume  of  liquid  transferred  in 
unit  time  through  a  slnigle  capillary* 

After  a  series  of  masterly  researches  hy  Perrln  in  1903- 
6^®  Preundlloh  In  1909   gave  the  present  accepted  expression  to 
the  formula  for  the  volume  of  liquid  transferred: 

T*  nr^  e  ED  * 

where  (n)  Is  the  number  of  capillaries  under  consideration,  (r)  the 
radius  of  the  capillary,  (e)  the  dielectric  constant  of  the  liquid, 
(x()  the  vlsooslty  coefficient  of  the  liquid  and  (1)  the  length  of 
the  capillary. 

With  a  porous  membrane,  a  bundle  of  capillaries,  the  equ- 
ation becomes: 

Y»  Q e  ED 


qe  Bi 


where  q  Is  the  cross  sectional  area  of  the  membrane* 

Since  E»  HI  and  R«l    where  V  is  the  speeiflc  conduct 1- 
vity  then: 

TT-  elD   =  constant  x   I 

4TrtV; 

showing  that  the  endosmose  for  a  given  liquid  and  membrane  la  pro- 
portional to  the  current  strength,  agreeing  with  Wiedemann fs  first 

^''^Bnll* d.  I »  Acad.d*  Science  de  Cracovle.  (1903)* 

^®Jou^  Chem.  u.  Phys.,  2,  601  (1904)-3,  50  (1905). 
Comptes  rendus*,  136,  1388-137,  513  (1903) • 

S^Kaplllarchemle,  £45  (1909);  Zelt.  Phys*  Chem.,  73, 
385  (1906);  Zelt.  Phys.  Chem.,  79,  409  (1912). 

40 

Taylor-Chem.  of  Colloids,  p.  66. 
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41 
law#    If,  Instead  of  allowing  the  liquid  to  escape,  the  pressure 

la  allowed  to  rise 

Pa  2e  BD 
TTr^ 

following  Poiseuille'a  law  for  narrow  capillaries. 

In  most  instances,  in  the  earlier  work,  the  solution  moved 

toward  the  cathode  and  the  rule  had  been  accepted  that  water  in  con- 

42 
tact  with  any  solid  is  positively  charged.  Perrin   found  many 

apparent  exceptions  to  this  rule.  He  used  an  apparatus  in  which  ttie 
membrane  eould  he  changed  hy  disconnecting  and  refilling  with  a  pow- 
dered substance.  He  meaaured  the  flow  in  a  horizontal  capillary  tube 
but  made  no  provision  for  the  escape  of  gases  produced  during  eleot*- 
rolysis.  Using  membranes  oi  ^cx^^^j    t»i^phthalene,^«»?^wi>«*nicfct#r/f^^si|ir^T;^ 
^vyk«ie#V4H^^^^^^'^»  sulphur,  salol,  carborundum,  gtlatine,  and  cellu- 
lose he  studied  the  endosmose  with  water  mainly  t^ut  also  tested  it 
with  other  solvents.  With  chloroform,  ether,  petroleum,  benzene  and 
carbon  disulfide  he  obtained  no  endosmose  but  secured  a  flow  with 
methyl  alcohol,  ethyl  alcohol,  acetone,  acetaldehyde  and  nitrobenzene. 
He  tried  the  effect  of  acids  and  bases  and  of  neutral  salts  of  vary- 
ing concentrations,  the  salts  being  dissolved  in  solutions  already 
adidic  or  basic.  He  came  to  the  following  conclusion:  ''Every  mem- 
brane tends  to  become  positively  charged  against  an  acid  solution  and 
negatively  charged  against  a  basic  solution.  Every  ion  of  unlike 
sign  tends  to  neutralize  this  charge  on  the  membrane  and  this tenden- 
cy increases  rapidly  with  the  valence  of  the  ion." 

*^  Loc.  Cit. 
42  1,00,  oit. 
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Fretindlioh,*^  following,  suggested  a  theory  of 
••preferentiil  adsorption''  of  ions  to  explain  eleotrio  endos* 
mose*   If  the  cation  is  adsorbed  most,  the  membrane  becomes 
positively  charged  and  if  the  anion  is  adsorbed  most,  the 
membrane  is  negative* 

In  1900  Oleson   encountered  the  phenomenon  of 

46 
electric  endosmose  and  in  1906  Hardy   observed  that  parti- 
cles of  gloubin  in  solutions  of  varying  concentrations  moved 
al;  the  same  rate* 

In  ttte   years  1900  to  1904  and  later  some  irorlc  iras 
done  nhich  nas  bound  to  have  a  direct  bearing  upon  theories 
pertaining  to  eleotrio  endosmose •   In  1900  5ernst   showed 
how  the  problem  of  ionic  hijdration  could  be  studied  by  means 
of  diffusion  and  migration  experiments,  using  an  indifferent 
substance  as  an  indicator.   The  seine  year  lotmar,*''  employing 
Hernst's  method,  found  that  hydration  of  ions  actixally  occurs^ 

In  1904  Lobry  de  Bruyn,*®  using  Ag  NOg  in  aqueous 
methyl  alcohol,  found  no  evidence  of  hydrates  or  alcoholates 
l^ut  Morgan  end  Kanolt*^  when  studying  the  electrolysis  of 


43 
44 


Loc.  cit* 

Am.  Chem.  Jour.  23. 

Jour,  of  Physiol.,  33,  361  (1906). 

*^   Nachr.  d.  K.  Oesellsch.  d.  Wissensch.  1900# 

47 

Hachr.  d.  K.   Oesellsch.  d.  Wirsensch.  1900. 

*®   Jahrbuoh  d.  Bleilrtrochemie,  10,  260  (1904). 
*^   Zeit.  phys.  Cheinie,  48,  366  (1904). 


46 
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Cu(lI03)Bln  water  and  alcohol^  oonolnded  that  oopper  ions  were 
hydrated^  Also  Kohlraueoh^  thought  it  possible  that  ions  In 
solution  are  snrronnded  "by  an  atmosphere  of  solvent.   Slow  ions 
oarry  a  large  atmosphere  and  the  rapid  ions  little.   If  this  is 
true,  then  in  electric  endosraose,  according  to  Holmes,   the 
Blow  cation  would  drag  along  a  larger  amount  of  liquid  than  the 
more  rapid  less  solvated  ions* 

In  1903  Asooll^^  applied  Perrin's  rule  to  liquid 
•flUftontt  and  in  1904  Bandouin^^  to  methyl  and  ethyl  alcohol 

solutions*  They  found  no  exceptions* 

54 

In  1903  Bancroft   issued  a  short  note  on  electrid 

end  osmose  hut  added  nothing  to  the  explanation  of  the  phenomenon* 

In  1904  Blllitaer^^ptapa6«^a  theory  of  capillary 
phenomena  which  douhtless  had  considerable  effect  upon  later 
theories  of  electric  endosmose* 

In  1906  UorsSt  ?raaer  end  Hopkins,   studying 
osmotic  pressures  of  solutions  of  glucose,  used  electric  endos- 

60.   Proc.  Roy.  See*,  71,  348* 

51.  Loc.  Cit. 

58.      Coiqptes  rendus*,    137,    1253   (1903). 

53.  Comptes  rendus.,    138,    898   (1904). 

54.  Trans.  AwvBleo.  See,  3,  £61  (1903). 

55.  Zeit.  phys.  Chemie.,  48,  513  (1904). 

56.  Am.  Chem.  Jour*,  36,  40  (1906). 
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moae  for  removing  air  from  their  membranes.   To  Inorease  the 
rate  t)fiBj  dlaaolTed  varioua  aalts  In  the  ivater  and  oonoluded 
that  the  quantity  of  water  carried  through  poroua  walla  under 
Identloal  oonditiona  ia  inveraely  proportional  to  the  velooity 
of  the  oation  divided  by  the  valence. 

Holmes  in  190?'^'''  and  Jraaer  in  1906^®  developed 
elaborate  types  of  apparatus  for  the  study  af  electric  endosmose* 
One  was  an  overflow  type  in  which  the  amount  of  liquid  waa 
weighed,  the  other  a  type  in  which  the  movement  of  a  bubble 
in  a  capillary  tube  measured  the  rate  of  flow*  The  membranes 
used  were  porous  clay  cups.  They  found,  contrary  to  Helmholta'a 
statement t   that  the  endosmose  of  solutions  of  nitrates  through 
a  olay  membrane  was  not  directly  proportional  to  the  relative 
specific  resistance,  but  that  it  does  vary  with  the  velocity 
of  the  cation  divided  by  the  valence.   They  also  suggested  that» 
following  the  views  of  ICohlrausch   and  others  on  the  hydration 
of  ions,  using  the  same  anion,  the  endosmose  should  vary  in* 
versely  as  the  velooity  of  the  cation.   So  the  extent  of  hy* 
drat ion  must  be  an  important  factor  in  electric  endosmose* 

67  Doctor  's  Dissertation,  Johns  Hopkins  University. 

58  Am.  Chem.  Jour^  40,  319  (1908). 

69  Loo.  cit. 

60  Loo.  cit. 
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61 
Hmber  and  KlemenBievlos  in  1909   suggested,  for  the 

case  of  glass  against  water,  that  the  solid  is  essentially  a 
hydrogen  eleotrode  and  the  magnitude  of  the  potential  difference 
depends  upon  the  ooneentration  of  hydrogen  ions  in  solution* 
But  I^eundlioh   has  shown  that  hydrolysis  of  the  solute  does 
not  determine  eleotrio  endosmose  and  that,  while  aoidity  and 
alkalinity  have  a  great  influence,  they  are  not  the  only  deter- 
mining factors # 

Coehn,^^  continuing  his  work  in  1910,  found  that 
EgS04  always  went  to  the  cathode  but  that  EHO3  showed  an 
isoelectric  point  of  reversal,  as  did  acetic  acid,  at  a  definite 
concentration*  Hetrtral  sulphates  and  alkali  nitrates  flowed 
to  the  cathode  while  heavy  metal  nitrates  flowed  to  the  anode 
unless  extremely  dilute. 

In  191E  several  contributions  were  made  to  the  study 
of  this  phenomenon.  Bancroft   suggested  a  theory  of  preferen- 
tial adsorption  of  ions,  following  yreundlich,  and  said;  ••The 
sign  of  the  charge  on  a  membrane  depends  upon  the  relative 
adsorption  of  cation  and  anion;  being  positive  if  the  cation 
is  adsorbed  to  a  greater  extent  and  negative  if  the  reverse  is 
the  case.**  With  such  a  postulatlon  he  readily  explained  most 
phenomena  which  had  puzzled  other  investigators*  He  also  added 

61.  Zeit.  phys.  Chem.,  67,  413  (1909). 

6£.  Loo.  cit. 

63.  Zeit.  Blektrochemie,  16,  569  (1910). 

64.  Jew.  Phys.  Chem.,  16,  312  (1912). 
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thst  i»e  oan  no  longer  maintain  that  the  potential  difference 
between  a  metal  and  an  agneotis  solution  ie  a  function  of  the 
concentration  of  the  metal  alone*   It  will  vary  with  the  nature 
of  the  anion  and  other  cations  present  in  so  far  as  they  are 
adsorbed  by  the  metal  in  question* 

In  the  same  year  Barratt  and  Harris   carried  on  some 
extended  research  in  an  endeavor  to  introduce  dissolved  sub- 
stances  into  living  tissue  by  electric  endosmose*  Their  ap- 
paratus  was  very  similar  to  that  used  by  Perrir   and  they 
studied  gelatine,  agar  and  parchment  paper  es  preliminary  to 
their  tissue  experiments*   They  used  varying  concentrations  and 
confirmed  in  the  main  the  valence  rule  of  Perrin,  for  both 
water  and  alcohol  solutions*   They  concluded  that  the  flow  of 
liquid  is  obviously  determined  by  the  movement  of  ions  in  the 
liquid  at  the  surface  of  content*   These  ions  cause  a  passive 
movement  of  the  liquid  in  the  same  direction  as  the  current. 
Such  ions  may  alsa  be  hydrated  thus  carrying  the  liquid  along 
with  them  but  they  asserted  that  this  plays  probably  only  a 
subordinate  part*   They  found  that  non  electrolytes  had  no  ef* 
feet  upon  the  direction  or  amouit  of  endosmose.  Working  with 
•alt  solutions  of  different  concentrations  they  noted  thst  the 
end^osmose  reached  a  maximum  at  a  definite  concentration  de- 
pending upon  the  nature  of  the  membrane. 

65  Biochem.  JouK,  6,  316  (1912);  Zeitschr.BlekJbrochem. , 
18.  2E1  (1918). 

66  Loc.  cit# 
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67  AA 

In  1912  also,  Blissafoff   nsad  Lametrom's  mathod 
of  a  oaplllary  tuba  fillad  with  watar  or  alaotrolyta  and  sup- 
portad  batwaen  two  diaoharga  points  in  a  horizontal  position^ 
tha  disoharga  furnishing  the  potantial  gradient*   Ha  made  an 
elatorata  study  of  nattral  solutions  and  found  that  Perrin's 
rula  hald  only  to  a  limited  extent*  With  the  alkali  metals  and 
the  alkaline  earths  it  was  satlsfaotory  hut  not  with  the  heavy 
metals  or  organio  oations*  He  also  noted  that  the  oations  were 
more  effective  than  the  anions  hut  that  ions  end  oations  of 
heavy  metals  and  hesia  dyes  have  a  much  greater  effeot  than 
oorresponds  with  the  vslenoy«   There  is  a  olear  parallelism 
between  the  effect  of  electrolyte  on  endosmose  and  the  pre- 
cipitation of  suspension  colloids  and  hoth  phenomena  oan  he 

explained  by  selective  adsorption* 

69 
In  1913  7reundlich  and  Slissafoff   determined  the 

valence  of  radium  hy  means  of  electric  endosmose^  emplpying 

the  valence  rule  of  Perrin* 

70 
In  191E  Bartell   while  working  on  pore  diameters 

was  lady^to  carry  out  in  1914   some  work  on  negative  "free 

70 

osmosis^  which  was  continued  with  Hooker  in  1916*    He  con- 

67*  Zait.  Phys.  Chemia.,  79,  386  (1912) • 

68.  Drudas  Ann*.  5,  729  (1901) • 

69.  Phys.  Seit.  14,  1052  (1913). 

70.  Jour.  Phys.  Chem* ,  16,  318  (1912). 

71.  J.  Am*  Chem*  Soc*,  36,  646  (1914). 

72.  J.  Am*  Chem.  Soo.,  38,  1039;  1036  (1916) • 
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oluAad  that  negative  *free  oamoals^  is  olosely  related  to  eleo- 
trio  endoamose*  She  flon  of  liquid  through  a  meml)rane  in  suoh 
oaaea  la  brought  about  by  a  dlfferenoe  In  potential  at  the  two 
ends  of  the  capillaries  of  the  membrane,  whioh  have  beoome  in 
some  way  oppositely  charged.   The  sign  of  this  charge  depends 
upon  the  relative  adsorption  of  the  anion  and  cation*  He  also 
added  that  the  magnitude  of  the  charge  is  dependent  upon  a  dif- 
ference in  migration  velocities  of  the  ions  in  the  membrane  pores^ 

73 
In  1914  Soumer   observed  wme  curious  hydration  and 

de-hydration  effects  during  electric  endosmooe  with  gelatine* 

74 

Byers  and  Walter  this  same  year   made  some  interest- 
ing qualitative  experiments  with  cells  of  an  overflow  type 
containing  several  membranes*   They  concluded  that  endosmose 
will  cause  flow  with  the  current,  against  the  current  or  in 
both  directions  at  the  sane  time*  Forgetting,  however,  that 
they  were  working  with  more  than  one  membrane  they  failed  to 
see  how  an  adsorption  theory  could  account  for  the  transversal 
of  the  plates  by  water* 

In  1914  also  Bethe  and  Toropoff,   although  their 
data  is  Incomplete,  suggested  that  the  Hoffineister  series  plays 
an  Important  part  in  electric  endosmotic  effects*  They  dis- 

73*  Bomptes  rendus*,  76,  40,  (1914)* 
74*  J*  Am*  Chem*  See*,  36,  2864  (1914)* 

76.  Zeit.phys.Chemie*,  88,  648  (1914);  Zeit^phys* 
Chemie*,  89,  637  (1915). 
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ou886d  a  ntunber  of  experiments  with  gelatine,  all)uinen,  collo- 
dion, animal  and  other  m€nr.'br8ne8  and  concluded  that  the  Inter- 
face potential  la  en  ionic  adaorption  phenomenon  and  that  the 
flow  depended  upon  this  and  the  relative  hydration  of  motile 
ion8#  Their  apparatus  did  not  provide  for  any  eaoape  of  gases 

produced  hy  electrolysis. 

76 
In  191E  Remy   employed  endosmotio  methods  for  deter- 
mining the  degree  of  hydra ticn  of  ions.  His  apparatus  was  rather 
unique  hut  again  provided  for  no  escape  of  gases.   He  calculated 
the  transport  of  solution  per  Faraday*   To  do  so  it  was  necessary 
to  suhtract  the  specific  endosmose  of  the  poire  solvent,  thus 
obtaining  the  amount  of  water  carried  by  the  ions.  Helmholtz  "^ 
had  earlier  developed  a  formulae  for  the  specific  endosmose  of 
a  ptire  solvent: 

Os  =-C  -^ 
where  (M)  is  the  actual  flow,  (L)  the  length  of  electrolyte, 
(S)  the  potential  drop  over  L,  (t)  the  time  and  (C)  a  constant 
depending  upon  the  capillary.   This  formula  hecomea 

Os  ^0  ^  .  ^ 

if  (Q)  is  the  quantity  in  coulombs  and  (W)  the  resistsKice  in  ohms* 

-I 
Bnt  i  s  Is  the  conductivity,  hence 

76.  aeit.  phys.  Chemie.,  89,  467;  529  (1915). 

77.  loo.  cit. 
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factors  which  could  easily  te  meesured.   from  his  measurements, 
which  were  very  extensive,  he  concluded  that,  hesides  endosmose, 
a  transport  of  water  takes  place  due  to  hydration  and  further 
that  Perrin's  results  were  merely  qualitative  because  they  did 

not  admit  of  a  quantitative  estimation  of  such  influence^ 

78 
Bancroft  in  1915  and  1916   carried  out  some  work  on 

colloids  and  suggested  that  any  surface  is  ahle  to  adeorh  suh- 

stanoes  from  a  liquid  with  which  it  is  in  contact.   Such  surface 

may  adsorh  a  particular  ion  selectively  thus  producing  a  positive 

or  negative  ohar^ce  on  the  solid*   The  adsorhing  substance  tends 

to  be  peptiied  by  the  adsorbed  ion.   Solids  may  adsorb  the  sol- 

vent  itself  and  be  peptized  or  they  may  adsorb  a  non  electrolyte, 

an  undissociated  salt  or  another  solid  in  collodial  suspension. 

79 

These  conclusions  ftirnished  the  material  for  Brigg's 
theory  of  electric  endosmose  as  presented  in  1917.  He  has  made 
in  his  writings  a  masterly  summary  of  all  the  ;vork  leading  up 
to  the  development  of  electric  endosmose  at  that  time.  With 
his  coworkers  he  developed  a  form  of  apparatus  quite  unique  in 
its  method  for  measurement  and  ease  of  operation.   It  consisted 
of  two  chambers  separated  by  a  porous  membrane  end  connecting 
through  a  horizontal  tube  containing  a  bubble  of  air,  the  movement 
of  which  recorded  the  rate  of  endosmotic  flow*   It  also  provided 

78.  Joutr,  phys.  Chem. ,  19.  361  (1915);  Jour.  phye.  Chem. 
20,  85  (1916). 

79.  Jour.  phys.  Chem.,  21.  198  (1917);  Jour.fhys.  Chem., 
22,  256  (1918);  Beport  of  the  British  Assoc,  for 
Adv.  of  Science  (1918). 
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for  the  •80&P6  of  gaeea  producer!  "by  electrolysis.  He  used 
later  solutions  and  fcimd  th£t  the  rate  of  endosmose  is  propor- 
tional to  the  applied  potenti£l  mider  tmchanged  conditions.  Also 
that  the  rate  increases  with  rising  temperature,  not  exactly 
proportional  to  the  fluidity,  hut  slightly  less  rapidly  to 
conform  to  the  equation; 

T  =  constant  x  W 

80 
for  a  given  diaphragm  and  liquid.  He  confirmed  Perrin's  data 

and  studied  the  electric  endosmose  with  copper  salts  and  the 

relation  to  dyeing  of  contact  electrification.  Jrom  a  study  of 

his  own  and  previous  data  he  formulated  a  general  theory: 

1.  •^Electric  endosmose  depends  upon  the  prefeX&titlal 
or  selective  adsorption  of  ions  and  is  influenced  only  hy 
those  ions  which  are  adsorbed  hy  the  membrane. *• 

2.  •'Ahy  circumstance  or  condition  which  changes  the 
adsorption  produces  an  effect.   It  varies  therefore  with  the 
condition  of  the  surface,  the  relative  and  absolute  ion  concen- 
tration, temperature  end  so  forth*'' 

3.  "The  direction  indicates  the  sign  of  the  membrane; 
the  rate  is  proportional  to  the  intensity  of  the  chcrge  in  case 
the  potential  gradient  through  the  membrane  is  constant.   If 
liquid  flows  to  the  cathode  the  membrane  is  negative,  when  to 
the  anode  the  membrane  is  positive.  Ho  flow  indicates  an  iso- 
electrid  condition* " 

80.  Loc.  cit. 
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4.  *▲  BeBbran*  t«nd8  to  'b«oom«  posit  1t«  Xtj   telootlTo 
adsorption  of  oations  and  nagatlra  by  sslaotlfs;  sdsorption  of 
anions** 

0.  "Tha  posit iTo  ohargo  prodnosd  by  sn  adsorbod 
oation  is  noutralisad  aora  or  less  by  the  addition  of  an  ad- 
aorbad  anion*  Similarly  tha  roTorsa  Is  trna*" 

6*  *Blaotrlo  andosmoseaaastras  tha  tandanay  of  a  solid 
to  fora  an  alaotrloal  suspension  in  a  giren  liquid  but  it  does 
not  aaasura  the  tendaney  of  a  solid  to  fora  a  non-alaetrloal 
suspension;  suoh  as  is  produoad  by  adsorbed  solrant,  solute, 

or  neutral  oolloid." 

61 
Za  1919  Weiser  end  Sherriek   earried  out  soae  «x- 

periaents  on  the  order  of  adsorption  of  ions  by  Ba  80..  They 
found  that  ohanging  oonditions  affeot  the  order  but  not  the 
aaouat*  Also  that  there  are  two  faetors  deteraining  the  ad- 
sorption of  a  gifren  adsoz^ag  agent;  the  nature  of  the  ion 
and  its  ralenoe.  With  similar  ions  the  speoifieity  of  ad- 
sorption is  not  so  p9onouneed  as  the  raleney  faetor.  This 
■ight  also  apply  in  the  oaae  of  other  adsorption  phenoaena* 

The  aost  reeent  published  work  pertaining  to  elee- 

88 
trie  endosaose  is  that  by  Loeb»  1919  and  1980.    This  work 

was  earried  out  to  determine  the  Influenee  of  eleetrolytes 
on  the  eleetrlfieation  and  rate  of  flow  of  water  through  ool- 
lodion  membranes  and  the  cause  of  this  influenee.  His  appa- 
ratus was  vary  erude,  being  merely  a  oo  Hod  ion  saok  with  a 
eapillary  tube  oontainlng  an  eleetrode  attached.  Thla  was 

61.   Jour.  phys.  Cham.,   83,   806  (1919) « 

**•  387f663^!5iSi!«'*   1.717(1919);  Jou»Oen.PhysiC¥?gk 
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plae«d  In  a  'b«ak«r  of  •olution  oontainiag  the  other  eleetroA.** 
Maaaurtaanta  ii%T9   taken  In  the  eapillarx  tu1)e.  This,  of  eonrae, 
did  not  admit  of  the  asoape  of  gases. 

He  shoved  that  In  aleetrlo  endosaose  through  oollodlon 
membranes  the  Inflnanoe  of  an  electrolyte  on  the  rate  of  trans- 
port is  the  same  as  in  *firee  osmosis*"  Both  positive  and  nega- 
tiTe  *tre9  oamosis"  mtMt  \f   explained  as  an  eleetrio  endosmotie 
pheae»aaoa  due  to  the  prodnstlott  of  a  dovfcle  layer  and  its  oon- 
aaqvant  ehange  tmder  the  influence  of  adsorbed  ions*  As  the 
oonosatration  cuttcs  show  a  mazimom,  he  concluded  that  the 
density  of  the  slectric  double  layer  increases  with  an  increase 
in  concentration  at  lover  concentrations,  while  at  higher  con- 
centrations it  decreases  with  a  oorreaponding  increase  in  con- 
centration of  the  aleetrolyte* 

fhis  work  and  that  of  a  more  recant  date   on  the  re- 
Tcrsal  of  the  sign  of  the  charge  on  a  membrane  by  hydrogen  ions 
has  added  materially  to  our  explanation  of  phenomena  which  de- 
pend upon  contact  electrification  and  adsorption. 

Oirard  and  Morax^  carried  out  a  series  of  interesting 
endosmotie  experlmsnts  on  the  eye  of  a  rabbit*  The  cornea  acted 
%s  the  membrane  which  was  bathed  on  the  inside  by  the  f queous 
humor  and  on  the  outside  by  an  electrolyte  solution*  Their 
conclusions  were  strictly  biological* 

83*  Jour.  Gen*  yhysiology,  2,  677  (1920)* 
64*  Ooltfptes  rendua.  170,  621  (1920). 
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"fh«  eonmerolal  appliofttlona  of  •l«etrioal  oamasls" 

fifi 
vaa  tha  tltla  of  a  papar  by  ElghflalA,  OrmmnAj  and  Laturla 

iB  vhloh  tha7  S*^*  *  oomprahanalTe  roTlav  of  tha  connarclal 

pOBBlhllltiaa  of  andosBoacln  tha  ceranlo  Indnatrj. 

86 
frank  and  Wl throw   anootmtarad  tha  phanoaaaon  la 

aaaa  work  on  alkali  aalld  analgama  hat  addad  nothing  new  to 

tha  problaa* 

It  will  ha  saan  that  praotioally  all  thla  work  has 

taaa  dona  on  a^uaoaa  solutions,  or  partly  aqaaoas;  aad  it  was 

baoaasa  of  this  that  thasa  rasaarohas  vara  andartakan  to  not a 

tha  saaa  affaota  in  soma  typioal  non  aqaaoas  solTants*  fnrthar- 

■ora,  tha  only  apparatas  ahioh  providad  for  an  asoapa  of  tha 

87 
gasas  fomad  was  that  of  Briggs   and  thoagh  this  woald  not 

ba  a  highly  disttdrbing  faotor  with  awoh  aolTants,  tha  sama 

praoaations  wara  takan* 

APPABACTS 

Tha  apparatas  asad  in  thase  azporimanta  was,  as 

86 
illastratad,  a  aodifieation  of  tha  Briggs   typa«  It  oon- 

aistad  of  two  ohambars  M  and  ■  alike  in  oonstraotion  azoapt 

that  tha  rig^t-hand  one  oontainad  a  thraa  way  stop  oook,  0, 

for  tha  parposa  of  gatting  tha  air  babbla  in  tha  taba  P. 

Taba  B,  tha  aaasaring  or  babbla  taba,  waa  a  S*6  >•»•  taba, 

16  inohas  long  on  tha  horiiontal,  bant  as  shown  with  Tartioal 

86.  Pottary  Oat.  46,  776  (19£0). 

86.  Ji    .  Am.  Chan.  Soa.,  4S,  671  (19a0)* 

87*  Loo.  oit* 

88.  Loo.  oit* 
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••etiOBS  4  inehee  long.  It  fitted  ■nugly  against  tha  ands  of 
the  ohaaliar  oixtlata,  eeimaotad  thara  by  abort  plaeaa  of  rtibber 
tubing*  Ihan  aaklng  the  ran  thla  vaa  plaoad  In  ftont  of  a  par* 
Banant  mllllaatar  aaala  lanaraad  In  tha  oonstant  taaperattira 
bath. 

Iha  two  alaotroda  ohambara  M  and  ■  ii9T9  rednoad  In 
alia  and  toIvm  by  oonatriotlng  tha  original  1^  Inoh  tubing 
down  to  a  dlamat  ar  of  3/4  of  an  Inch.  Tha  Tartloal  tuba  a 
mw   5/8  of  an  Inoh  In  dlaaatar*  to  glra  aaaa  In  filling  and 
elaanlng*  Aa  thla  would  tend  to  daeraaae  the  aenaltlvlty,  large 
txibaa  ▲  and  B  oontalnlng  the  aleotrodaa,  with  meroury  oontaot, 
mwf  uaed*  Xbxder  auoh  eondltlona  a  email  Inereaae  In  the  TOlume 
of  liquid,  the  aurfaee  of  uhleh  was  already  up  In  thla  tube* 
oreated  aufflolent  praaaure  to  foroe  the  solution  around 
through  the  bubble  tube  9*  further,  the  uae  of  a  single  stop 
oook  (0),  unlike  Brlggs*  apparatus,  filled  the  meaaurlng  tuba 
«lth  the  ease  solution  as  that  In  the  ohambar;  a  oondltlon 
absolutely  naoessary  when  ualng  non-aqueous  solutions*  fha 
iqprlght  tubes  uere  sealed  In  on  the  ahoulder  of  the  original 
ehaabar  to  prerent  the  oollaetlon  of  bubblea  shloh  might  af- 
feot  tha  TOluma* 

▲s  an  additional  feature,  the  apparatua  was  made  In 
two  units,  oonnaotad  at  B,  with  brasa  rings  bearing  a  flange 
and  aorevs  for  bringing  them  tightly  together*  These  uere 
sealed  to  the  glass  with  litharge  glyeerlne  oament  and  at  tha 
edge  filled  In  with  a  water  Insoluble  oement*  Although  the 
ends  of  the  glass  ohambara  had  been  oarefolly  ground  and  the 
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rings  aeourately  Baohintd,  thsse  Joints  were  now  ground  down 
with  Tory  fino  •■ery  oloth  tintil  thoy  fittod  alnost  porfoetly 
togtthor*  Ihis  arrangement  made  t)ie  apparatus  Tery  easy  to 
elean  and  greatly  inereased  its  nsefolness  for  swh  meabranes 
as  filter  paper*  When  powdered  substanoes  were  need  the  aea- 
1>rane  was  bnllt  up  In  a  glass  ring,  as  explained  later,  and 
then  set  In  rubber  gaskets  and  serened  tightly  Into  plaee* 
this  gave  a  very  sensitive  measuflng  Instrtunent  usable  under 
greatly  rarylng  oondltions*  fhe  stoppers  carrying  the  elec- 
trodes were  grooved  to  allow  for  the  eseape  of  any  gases  pro- 
duoed  by  eleotrolysls* 

Xo  seeure  oonstant  temperatures,  an  oblong  bath 
£6x6x6  Inehes  was  oonstrueted  of  heavy  galvanised  Iron* 
This  contained  a  window  in  one  side  (SO  x  i  Inches)  and  the. 
whole  was  suspended  on  a  frame  made  of  3/6  Inch  piping  so  that 
the  window  cams  at  Just  the  level  of  the  eye*  In  the  bottom  at 

one  end  was  an  lalst  tube  l/s  Inch  In  diameter,  which  Just 
passed  through  the  tank,  and  at  the  other  end  an  outlet  tube 
1  Inch  In  diameter  and  extending  to  within  1  inch  firom  the  top* 
Across  the  top  of  this  tank  was  placed  a  horliontal  rod  bent  at 
right  angles  at  each  end  and  raised  about  4  Inohes*  This  was 
seonrely  Jhstened  to  the  heavy  steel  edge  of  the  tank  and  served 
as  a  suspension  for  the  apparatus*  The  apparatus  Itself  was 
set  firmly  In  two  clamps,  one  at  each  end  on  the  oonstricte^d 
part  of  the  chamber,  which  were  then  fastened  to  a  steel  bar* 
This  could  be  lifted  from  Its  position  outside  the  bath,  after 

Digitized  by  VjOOQIC 


Digitized  by 


Google 


filling,  and  8«t  into  the  bath  where  this  steel  bar  was  seonred 
bj  other  elaivps  fastened  to  the  horlsontal  har*  This  made  it 
possible  to  always  have  the  apparatns  in  exaotly  the  same  posi- 
tion and  further  aided  in  the  ease  of  manipulation*  Water  was 
pumped  into  this  tank  from  a  ooTered  thermostat,  kept  at  a 
constant  tenperature  and  OTorflowed  direetly  haok  into  the 
thermostat  again*  Tests  showed  that  the  temperattire  did  not 
▼ary  more  than  ±0*01^  throughout  the  tank  in  whieh  the  read- 
ings were  taken* 

for  the  determinttion  of  the  permeability  of  the 
membrane,  the  apparatus  with  eleotrodes  and  bubble  tube  re- 
moved was  olamped  in  a  Tsrtioal  position,  with  the  stop  eook 
at  the  bottom*  By  means  of  rubber  tubing,  the  top  of  the 
apparatus  was  oonneeted  to  a  dropping  fonael,  ef-  large 
oapaoity,  oontaining  the  solution*  Attaohed  to  the  how 
horisontal  opening  of  the  stop  oook  was  a  tube  of  the  same 
site  as  the  bubble  tube  (Z*l  m*m*)  placed  in  an  exactly  lerel 
poeltion  beside  a  meter  stiok*  The  solution  was  now  allowed 
to  run  from  the  dropping  ftmnel  into  the  upper  chamber  until 
it  overflowed  through  the  electrode  tube  into  a  waste  bottle* 
This  overflow  was  maintained,  thus  keeping  a  oonstant  head 
above  the  membrane*  When  this  oonstant  head  was  reached  the 
•olution  was  directed  into  the  horizontal  capillary  tube  by 
turning  the  stop  cock  and  the  rate  per  second  recorded*  The 
results  were  found  to  check  very  well* 
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SOroCB  Of  YOMASB 
The  first  rtuis  were  aade  1)7  using  the  storage  hattery 
aysten  as  a  souree  of  voltage  hut  the  mazimtoi  obtainable  from 
tblBsoTtree  was  only  130  TOlts  and  it  was  fotmd  to  flnottiate  a 
great  d«al  dtls  to  other  demands  upon  it.  As  no  ourrent,  or  Tory 
littl«,  vas  needed  in  the  oase  of  non  aqueous  solTents  it  was 
deeid«d  to  set  up  a  series  of  flash  light  batteries  vhioh ,  if 

BO  ourrent  vas  drawn,  would  giTe  a  oonstant  voltage  for  a  long 

89 
period  of  tiae*  Six  hundred  and  ninety  of  these  batteries « 

sush  as  are  used  for  radio  work,  were  obtained*  fo  the  side 
of  eaoh  (negative  pole)  was  soldered  a  pieoe  of  oopper  wire  £ 
inohes  long.  They  were  then  plaoed  upright  in  three  trays, 
in  rows  of  ten  eaoh,  after  first  pouring  in  a  thin  layer  of  a 
■ixture  of  paraffine  and  beeswax  in  the  bottom  and  slightly 
warming  the  battery  before  setting  it  in*  A  mixture  of  paraf- 
fine and  beeswax  was  then  poured  into  the  trays  until  the  bat-> 
teriee  were  about  3/4  Immersed*  This  was  allowed  to  hard«n  and 
thus  formed  an  insulator  be^ewi  them  about  one-half  inoh  thiok* 
The  oopper  wirs  whieh  had  been  aoldsred  to  the  negative  pole 
was  then  bent  over  and  soldered  to  the  oenter  positive  pole 
of  the  next  bsttery  until  the  whole  system  was  in  series* 
Wires  were  soldered  on  so  that  the  voltage  oould  be  taken  off 
the  binding  posts  at  the  edge  of  the  trays  in  sets  of  forty 
totterles  eaoh*  The  aooompanying  ohart.  Table  I,  shows  how 
■neh  voltage  was  obtainable  and  how  well  the  system  held  up 
during  the  series  of  experiments*  Besides  the  dates  indloated, 
eheoks  were  made  after  eaoh  set  of  runs  to  see  if  sufflolent 

ehange  had  ooeurred  to  make  a  new  table  neoessary*       Oooolp 
89*  Burgess  Co.,  Ifadlson,  Vis*  ^  ^^  ^     ^ 
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In  8«ttlng  np  avch   •  •ysten  It  !■  adTlaable  to  have 
th«  two  eonneetioni  as  far  apart  as  possible  when  drawing  high 
▼oltage.  This  praoantion  praTants  short  olronltlng  Ana  to  a 
BOiatora  layer  on  the  wax.  To  attain  this  the  batteries  ware 
plaaad  in  short  rows  rather  than  long  ones  and  the  lead  vires 
ooonaoted  as  indicated. 


It  mnst  also  he  remembered  that  sttsh  a  system  is  only 
praetioal  when  a  Tery  lov  etorrent,  or  none,  is  desired.  This 
was  quite  manifest  when  the  batteries  shoved  a  rapid  deorease 
during  oertain  water  rtms  where  oomperatiTely  high  amperage 
was  used*  The  onrrent  was  transported  to  the  apparatus  through 
ordinary  light  eord  whioh  dipped  into  the  eleotrodes  with  meronry 
eontaots*  In  the  oironit  was  also  a  fuse  ping  to  protect  the 
■llliajiiter  and  a  r^r^ra^r   to  change  the  direction  of  the  otorrent 
through  the  ipptrstus*  ▲  Toltmeter  was  connected  across  the 
electrodes.  As  the  TOlt  meter  only  read  to  150  TOlts,  and  no 
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larger  dir«et  otucrent  Initrvnent  «••  obtainable,  it  w%b   die- 
eonneoted  ezeept  when  oheoking  np  the  batteries*  These  were 
read  in  seetions  of  forty  eaoh  and  the  total  seenred  by  adding 
the  readings* 

TtlPTtHTMBIITAL  PABt 

The  apparatus,  as  described,  had  a  Tolnme  of  about 
60e*e*  It  was  fonnd  necessary  to  keep  the  parts,  partiotaarly 
the  bubble  tube,  serupulously  olssn  to  prevent  bubbles  of  gas 
firoB  sticking  thd  the  aessuring  bubbis  from  adhering  to  the 
tube*  This  was  aocoaplished  by  filling  with  ohroaio  acid 
cleaning  solution  at  the  end  of  eaoh  day's  runs*  This  also 
nde  it  necessary  to  rinse  thoroughly  to  rid  the  walls  of  any 
•cid  which,  baring  been  absorbed  by  the  aeabrane,  sight  affect 
its  charge*  On  a  few  occasions  the  apparatus  had  to  be  taken 
down  and  rinsed  again  to  retaOTe  such  iaqpurities*  The  presence 
of  grease  could  be  easily  detected  by  a  distortion  and  sticking 
of  the  bubble*  After  washing,  the  apparatus  was  dried  by  drain- 
ing and  a  streaa  of  air  and  then  rinsed  with  the  solution  to 
%e  used  in  the  run* 

One  sectfion  of  the  apparatus  was  now  clamped  in  a 
Tcrtical  position  with  the  brass  connection  upward*  Uppn  this 
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vts  placed  th«  ■•mbrant.  If  the  glass  seetion  in  vhloh  the  men- 
brants  were  first  built  up  was  to  he  used,  mhher  gaskets  were 
•■ployed  to  glTe  a  tight  Joint*  If  filter  paper  was  used,  as 
in  aost  of  the  experiaents,  the  meahrane  was  merely  laid  on  the 
eenneeter  and  the  other  section  sectored  firmly  in   place.  This 
gare  a  non-leakshle  Joint  without  gaskets.  The  filter  papers 
used  had  been  sosked  for  at  least  twelTe  hours  in  the  solution 
to  be  measured  and  then  pressed  firmly  to  eliminate  any  small 
air  bubbles* 

The  apparatus,  oontiining  its  membrane,  was  now 
elamped  in  a  horizontal  position,  as  preriously  indicated,  and 
the  bubble  tube  connected  on  by  means  of  short  pieces  of  rubber 
tubing*  It  will  be  noted  that  the  stop  cock  is  on  the  right-hand 
•eetion.  Solution  was  poured  into  this  section,  with  the  stop 
cock  closed,  until  the  electrode  tube  was  about  one-half  full* 
The  stop  cock  was  then  opened  Just  enough  to  fill  the  opening 
in  it  with  liquid  and  then  closed.  The  left-hand  chamber  was 
filled  to  about  the  same  height  and  care  takento  remoTe  all  air 
bubbles*  This  left  the  bubble  tube  still  empty.  It  was  filled 
by  first  opening  the  stop  cook  so  that  the  flow  was  directed 
into  a  beaker  and  then  by  blowing  lightly  into  the  left  elec- 
trode tube  tlnrou^  a  large  piece  of  tubing  which  Just  fitted 
into  thw  top*  This  forced  the  solution  around  through  the  bub- 
ble tube  until  it  was  entirely  filled  except  for  a  small  air 
bubble*  Turning  the  stop  cock  so  that  it  opened  into  the 
chamber,  the  air  bubble  was  forced  back  into  the  horisontal 
part  of  the  measuring  tube,  by  blowing  on  the  right  electrode 

Digitized  by  VjOOQIC 


Digitized  by 


Google 


34 

ttib#,  tnd  th«  •6%t  was  closed.  After  •  little  experienee  it 
vas  fotpud  to  1)a  a  vary  slttpla  matter  to  get  a  l>Tibl>le  of  the 
desired  else  rer/  qaiokly.  It  should  also  lie  noted  thst,  tm- 
like  Briggs'  ai^paratns,  vhloh  had  distilled  water  in  the  hti1)hle 
tnlie»  this  one  had  the  soltition  throxighout  the  entire  system* 
This  eenditlen  mnn  abssltitely  aeeessszy  vith  non  sqneons  sol- 
Teats  mad  sesam  sdTlsatle  In  any  ease  to  prerent  ohsnges  in 
ooneentration  of  the  solntion  in  the  ohamhers*  The  apparatus 
vas  then  filled  to  the  marks  on  the  electrode  tnbes*  Before 
the  eleetrodes  vere  inserted  and  th^top  oook  opened  the  solu- 
tion mas  forced  hsck  and  forth  through  the  memhrane  at  least 
fifteen  times  by  hloming  on  the  electrode  tubes  as  stated  in 
filling.  This  process  by  flushing  out  the  pores  of  the  mem- 
brane gave  it  a  chance  to  adsorb  such  ions  as  mere  present  in 
solution  and  established  a  uniformity  of  conditions  othemise 
difficult  to  obtain. 

Great  care  mas  taken  to  see  that  the  stop  cock  mas 
opened  mide.  This  was  found  to  cause  considerable  error  in 
several  experiments  so  that  the  maximum  opening  mas  marked  and 
the  stop  cook  always  placed  in  this  position. 

The  spparatus  was  now  lifted  and  olanrped  into  posi- 
tion in  the  bath  where  it  was  allowed  to  come  to  equilibrium. 
The  bubble  tube  was  lereled  by  a  permanent  level  wire  stretched 
herixontslly  across  the  window.  The  contact  wires  placed  in 
the  eleotrode  mercury  cups  made  it  ready  for  reading. 

The  c torrent  was  sent  throuf^  the  apparatus  and  the 
bubble  timed  with  a  stop  wstch  for  a  movement  to  the  right  or 
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left*  If  rerj  rapid,  th«  flow  was  allowed  to  oontinua  nearly 
the  vhole  langth  of  the  tube  (30  en*)*  The  ovrrant  was  then 
revaraed  and  the  rererae  flov  timed.  Thia  vaa  oontinued  for 
10  to  30  paaaagea  and  the  average  taken  aa  the  rate  of  endoa- 
motie  flow.  Ho  moTeraent  vaa  erer  detected  toxleea  the  onrrent 
vaa  on,  shoving  the  abaenoe  of  leaks*  This  was  farther  tested 
b7  Aovittg  the  filled  apparatus  to  stand  orer  night  with  no 
apparent  change  in  Toltaae* 

Before  taking  the  apparatus  apart  to  renew  the  aea- 
brane  and  solution,  it  was  emptied  and  the  rate  of  penaeability, 
for  the  partieular  aambrane  eag^loyed,  determined  in  the  manner 
previously  deseribed*  fhs  smtire  operation  required  in  most 
eaaes  less  than  one-half  hour*  the  Tables  £  to  8  and  their 
aooompanying  eurres  illustrate  the  ehanges  in  rata  during  a 
long  oontinuous  run  and  why  it  was  necessary  and  desirable  in 
most  oases  to  take  an  arerage  of  the  first  feu  readings  only* 
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f  ABLI  £ 

JintMry  19,   'fiO. 

Toltagt  -  1T«0        OurrcBt  S*0  9«Bp*  S6       Bublle  6  ■•■• 

Stlution  EmO  Itoabraat  (6  m*  ▲•^••tos  Yiotmi  16  in) 

Omose  -f-  (bo.  of  soo*   for  30  #■•) 


LI  fi             8  4             611             S             8             4             6 

188.e  lS9.e  1S8.0  lee.S  1S6.0  1£9«8  1S3.8  l£4.e  12£.6  1£1.6 

6T89  10  67  89  10 

1£4*0  1££.0  180.8  120.6  1£0*£  1£0.4  118.4  117.8  116.4  117.£ 

11  1£  13  14  16  11           12  13           14  16 

119.4     118.8  118.6  117.4  117.0  116.6  116.6  116.8  116.0 

16  17  18  19  £0  16            17  18            19  £0 

116.6  118.8  117.8  117.4  117.0  116.8  116.0  116. £  116.6  116.6 

£1  ££  £3  £4  £6  £1            ££  £3            £4  £6 

117.0  117.0  116.0  116.1  116.8  116.6  116.8  116.8  116.4  114.8 

£6  £7  £8  29  30              £6           £7  £8            29  30 

116.8  116.8  116.4  117.8  117.6  116.2  116.6  116.6  116. £ 

31  3£  38  34  36  31            3£  33           34  36 

118.0  117.4  117.6     118.6  117.6  116.4  116.8  117.8  117.0 

36  37  38  39  40              36           37  38           39  40 

119.0  117.0  118.0  116.4  1£0.0  117.8  117. £  117. £  117.8  1£0.£ 

41  4fi  43  44  46              41            4£  43           44  46 

1£0.£  118.8  116.0  117.8  116.0  119«4  120.8  116.8  119.0  116.0 

46  47  48  49            60              46            47  48           49  60 

117.0  116.4  120.6  1£1.£  121.4  120.0  116.8  116.0  120.0  121.2 
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XABLB  8 


April  6.    *E0. 


Teltag* 
Sflvtlon 

OBB08«  •+ 

406.6     Cturrcnt  0 
-  Aoeton* 
(See.  for  30  oa.) 

Teap 

.  26®   Bnliblt  6  ■•■• 

M«ml>raB«  (8  Ihiokness  8.*  8* 
Paper  Io*689) 

I      1 
24.6 

2 
22.6 

3 
21.8 

4 
21.4 

6   B 
21.6 

1 
26.4 

2 
22.8 

3 
21.6 

4 
21.8 

6 

22.0 

6 

21.4 

7 
21*0 

8 
20.8 

9 
21.6 

10 
21.8 

6 
20.8 

7 
21.6 

8 
21.4 

9 
21.0 

10 
22.4 

11 

22.0 

12 
22.6 

13 
22.8 

14 
23.0 

16 
23.0 

11 

21.4 

12 
22.4 

13 
22.6 

14 
22.6 

16 
23.0 

16 

23.6 

17 
24.0 

18 
24.4 

19 
24.2 

20 
24.8 

16 
23.0 

17 
23.6 

18 
23.6 

19 
23.6 

20 
23.6 

21 
24.6 

22 
24.8 

28 

26.0 

24 

26.6 

26 
26.2 

21 
24.0 

22 
24.0 

23 
24.2 

24 

24.0 

26 
26.0 

26 
27.0 

27 
27.0 

26 
27.0 

29 
27*2 

30 
26.6 

26 

24.9 

27 
27.6 

28 
26.6 

29 
26.6 

30 
26.8 

31 
27.6 

32 
27.4 

33 
27.8 

34 

28*8 

36 
28.0 

31 
26.0 

32 
26*6 

33 
27/8 

34 

86 

27.8 

S6 

28.0 

37 
28.8 

38 
29.8 

39 
29.2 

40 
26.2 

36 

28.0 

37 
28*4 

38 
28*8 

39 
29.6 

40 
29.0 

41 
30.0 

42 

30.8 

43 
30*0 

44 
30*6 

46 

31.6 

41 
29.6 

42 

29*8 

43 
30.6 

44 
30.0 

46 
30.0 
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fABU  4 


Hty  13.    '20 


Voltage  623.0         Ourrtnt  0 
Solution  -  Amjl  aleohol 
OsnoBO  -  (Soe.   for  15  om.) 


Itmp.  26  Bublilo  4  ■•  a. 

Html>r«n«  (6  thioknoss  8  8  Vo.  669) 


L  1 
96.8 

2 
99.0 

3 
96.0 

4 
92.6 

6  £ 
91.6 

1 
97.0 

2 

98.2 

3 
97.0 

4 
94.0 

6 
93.0 

6 
93*0 

7 

92.4 

8 
94.0 

9 
94.8 

10 
96.0 

6 

94.8 

7 
94.0 

8 

93.0 

9 
94.6 

10 
96.0 

11 
97.0 

12 
97.0 

13 
98.2 

14 
98.0 

16 
98.8 

11 
97.0 

12 
97.0 

13 
97.0 

14 
97.6 

16 
99.0 

16 
99.4 

17 
98.8 

18 
97.4 

19 
100.4 

20 
100.8 

16 
98.6 

17 
98.6 

18 
98.6 

19 
101.6 

20 

102.8 

21 
101.6 

22 
102.0 

23 
103.0 

24 

106.6 

26 

106.0 

21 
102.0 

22 
104.0 

23 
106.6 

24 

103.8 

26 
107.6 

fiBLB  6 


■•7  31,  '80. 

Teltago  666.0     Onrroat  0 
Solution  -  litrobonsono 
OamoBO  ■+■  (8fo«  for  16  om.) 


To^p.  26     Bnbble  3.0  m.a. 
Momltrano  (8  thiokness  8  A  8  689) 


I  1 

18.0 

2 
17.0 

8 
16.8 

4 

17.4 

...  ,g  . 

17.4 

T 

■  r  ■  ■  ■ 

18.0 

2 

17.2 

17.6 

i 
17.8 

18.2 

6 

17.8 

7 
18.4 

8 
20.0 

9 
20.0 

10 
21.0 

6 

19.0 

7 
19.6 

8 

19.6 

9 

21.0 

10 
22.0 

11 
23.0 

12 
26.8 

13 
28.0 

14 
34.0 

16 
37.0 

11 
26.2 

12 
26.0 

13 
31.0 

14 

32.6 

16 
36.6 

16 
41.8 

17 
48.8 

18 
49.0 

19 
60.8 

20 
49.0 

16 
40,6 

17 
41.2 

18 
42.6 

19 
44.0 

20 
46.4 
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lABLB  6 
June  12,    'SO. 

0 

Telt«g«  841*0  Ctirrent  0  T«mp«   26*6  B-obblo  5*5  ■• 

Solution  -  Pyridine  Membrane  (6  thiokness  3  h  8  Io*689) 

Oam»8e-^(8ee•   for  10  ea*) 

LI  S  3  4  6B1  S  5  4  6 

117.0     122.6     120.6     127.6     123.0       118.0     119.0     118.0     119*5     117.0 

6769  10  6789  10 

124.0     164.0     123.0     123.8     126.0       119.0     119.6     119.0     121.0     116.6 

11     12     13     14     16      11     12     13     14     16 
U6.0  124.0  128.6  124.4  126*0   120.6  120.6  124.0  122.6  124.0 

16     17     18     19     20      16     17     18     19     20 
127.0  131.6  151.0  126.8  131.0  129.0 


lABLB  7 

Jwie  21,    '20. 

Toltege  964.0         Cnrrent  0.6  Temp.  26           Bnbble  4.6  m.m. 

Solution  -  benieldehyde  Membrane  (6  thioknesa  3  A  S  Vo.689) 
Oamoae  ^  (aeo.   for  10  em.) 

LI             2             8             4             6R1  2             3             4             6 

46.0       41.0       47.0       67.6  ,     67.0  62.0       46.0       66.6       66*0       66.0 

6789            10  6789            10 

66.0       66.0       69.8       60.0       61.2  62.0       66.0       70.8       76.0       81.0 

11     12     ^3     14     16  11     12     13     14     16 

64.0   66.6   68*6   69.6  93.0  109.0  137.0 
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In  the  t«bl68,  0KB086-f-,  is  eleotrie  endosmoee  tonard 
the  oathode  and  Osmose  •,  is  endosnose  tonard  the  anode.  This 
■ethod  for  dlstingnlshlng  nill  he  used  throughout  the  paper* 
The  letter  (L)  refers  to  moyement  of  the  huhhle  tonard  the  left 
and  (B)  toward  the  right.  The  upper  snail  numher  is  the  number 
of  the  run.  Thus  in  Table  S:  100  nus  nere  made,  60  to  the  right, 
and  60  to  the  left*  ▲  study  of  the  tables  and  ourTes  shows  that 
the  maximum  endosmose  rate  nith  water  (Table  E)  eame  only  after 
a  long  period  of  time*  In  the  ourve  the  number  of  the  run  is 
plotted  against  the  time  in  seconds  required  for  the  liquid  to 
flow  a  certain  number  of  centimeters*  With  non  aqueous  solutions. 
Tables  3-8,  the  maximum  oame  very  quiokly*  This^may  be  in  part 
due  to  electrolysis*  Water  would  tend  to  prodwe  E  and  OS  tons, 
and  as  they  are  both  highly  adsorbed  the  maximum  could  only  come 
slowly,  the  OB  ions  being  only  slightly  more  adsorbed  than  the  H 
ions*  In  the  ease  of  non  aqueous  solvents  there  is  always  the 
possibility  Of  the  production  of  a  great  number  of  substances* 
Alcohol  tends  to  be  oxidised  to  acids,  which,  if  ionised,  decrease 
or  increase  the  rate  depending  upon  subsequent  adsorption  and 
chemical  action  upon  the  alcohol*  In  the  case  of  bensaldehyde 
the  rapid  decrease  was  doubtless  due  in  large  part  to  oxidation 
f^co  exposure  to  t^re  air  and  the  current*  This  produced  bensoic 
acid  with  adsorbable  H  ions*  Also  the  bubble  was  reduced  in  sise 
by  using  up  the  oxygen  contained  therein,  becoming  so  small  that 
the  solution  flowed  around  it  and  its  movement  did  not  record 
the  true  rate*  As  the  effeot  was  the  same  (a  decrease  in  rate) 
no  matter  whether  the  original  flow  was  +  or  -,  it  could  not  be 
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dti#  to  wat^r  getting  Into  the  appartttis*     fhle  was  one  of  the 
jTlrst  runs  made  on  each  solvent  and  only  those  runs  averaged 
vhioh  Here  Bost  nniform# 

PpBLTMTHARY  WOHg 

▲s  preliminary  to  the  Hork  on  non  aqueous  solutions^ 
the  apparatus  was  first  tested  out  with  water*  The  first  ap- 
paratus used  had  an  opening  at  the  oonneotors  only  3/4  of  an 
inch  in  diameter  and  held  a  membrane  of  this  sise*  The  mem* 
brane  used  was  out  ftrom  the  bottom  of  a  soft^fine  grained  bat- 
tery oup«  The  moTement  was  very  slow*  But  it  will  be  noted 
that  fjrom  the  aoeepted  equation  for  endosmotio  flow  the  volume 
is  proportional  to  the  size  of  the  membrane «  T^is  suggested 

the  apparatus  as  illustrated*  Both  of  these  had  a  three  way 

90 
stop  cook  on  each  chiqkber,  like  that  of  Briggs*    The  left- 
hand  stop  cock  in  the  new  apparatus  was  found  to  leak  and  was 
cut  out*  This  made  the  apparatus  much  simpler  and  easier  to 
clean  and  fill  and  Just  as  easy  to  get  the  bubble  in  the  measur- 
ing tube*  The  membrane  was  then  32  m*  m*  in  diameter* 

Nevertheless  the  rate  of  endosmose  did  not  materially 
increase  and  various  grades  of  porcelain  were  tried  unsuccess* 
fully*  Thinking  this  might  be  due  to  air  in  the  membrane «  it 
was  firmly  attached  to  a  large  glass  tube  and  water  sucked 
through  for  several  hours  with  no  appreciable  change  in  the 
rate*  It  was  at  this  point  that  the  idea  was  conceived  that 


90*  Loc*  cit*  ^  ,  ^^ 
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tha  porosity  of  tho  monbrano  might  bo  tho  Aistttrbing  faotor. 
Juat  how  a  ohango  in  poraaaliilitj  did  affoot  tho  rata  will 
fom  tho  nozt  aootion  of  this  papor. 

Tho  mooibranos  voro  thon  hullt  up  in  glass  rings  vhioh 
had  heon  out  fron  1  l/S  inoh  glass  tttbing  in  soot  ions  3  orn. 
long  anA  thon  groiiiA  doim  to  2.9  om.  This  was  largo  onongh  in 
diamotor  so  that,  nhon  fittod  in  hotveen  tho  oonnootors,  no 
strain  oamo  on  tho  oomontod  joints.  Tho  monbranos  voro  built 
up  in  thorn  by  suotion.  In  a  Btlohnor  fnnnol  was  plaood  a  piooo 
of  eopper  gauio  and  thon  plastor  of  Paris  pourod  in  around 
a  mold  in  tho  oantor,  loaving  an  oponing  just  largo  onough  to 
contain  tha  glass  rings*  Tho  ring  nas  plaood  in  this  oponing 
and  soalod  in  with  paraffina*  ▲  nashod  glass  wool  plug  was 
first  plaood  in  tho  ring,  and  tho  aonbrana  substanoo,  thorou^ly 

vashad  and  aha  Icon  up  with  natar,  pourod  in,  suotion  boing  appliod 

91 
to  draw  it  down  firmly  togothor*  Liko  thoso  of  Briggs   thoso 

voro  built  up  moroly  by  filtoring  under  suotion*  On  top  of 

this  was  plaood  anothor  glass  wool  plug*  Tosts  shonod  that 

the  glass  nool  had  no  of  foot  tqpon  the  ondosmoso*     Thoso  nam- 

branos  were  kept  under  water  until  used* 

▲  gauge  was  attaohod  to  the  suotion  punqp  and  the 

BOBbranos  were  built  v:p  with  the  same  weight  and  pressure, 

different  weights  and  the  same  loressure,   or  the  same  weight  and 

different  pressures*     The  higher  pressnres  wore  eeoured  by 

•tretohing  a  piooo  of  dental  rubber  tightly  over  the  top  and 

applying  suotion  until  the  desired  raouum  reading  was  attained* 

Mambranas  of  asbestos  and  varying  grades  of  ground  and  wajshed 
91*  Loo.  oit* 
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poroelain  ware  nede  up  la  this  nay,  btit  duplioation  was  found 
to  be  inpoBSible  and  the  eurras  of  pamaabllitj  tb.  rata  of 
andaaaosa  vara  r9Tj   irragnlar.  (Sea  next  seotion.)  St  uaa 
then  decided  to  try  rarylng  grades  of  good  qtutntltatlTe  filter 
paper  and  this  was  so  sucoassftil  that  it  uas  nsed  in  all  sub- 
sequent experiments. 

To  test  whether  stray  onrrents  ground  the  bubble 
af fee ted  the  flow,  a  rubber  membrane  was  ^ad  and  though  the 
otrrrent  was  quite  high  (50  milllampares)  with  a  dilute  H  CI 
solution,  there  was  no  movement  of  the  bubble  in  thirty  minutes. 
This  could  obTiously  not  affect  a  reading  taken  in  a  few  seooiAs* 
The  length  of  the  bubble  also  had  no  effect  unless  it  was  too 
small  to  fill  the  opening  in  the  tube*  when  there  was  a  tendency 
for  the  solution  to  creep  around  it*  If  extremely  large  (over 
10  m*m»)  it  manifested  greater  tendenoy  to  stick* 

Different  slse  bubble  tubes  were  tried:  those  of  rery 
small  bora  presenting  difficulties  due  to  fjrlctlon  and  capil- 
larity and  those  of  Tery  large  bore  being  less  sensitive  to 
•mall  rates  of  endosraose*  The  one  seleoted  had  a  bore  of  £.6 
B.m*  and  an  average  Internal  volnma  of  0.1£6  o.c.  per  cm.  The 
distances  between  the  electrodes  was  kept  constant  for  the 
filter  paper  at  5.6  cm* 

THB  BFIBOT  Of  THB  MBMBIBILITY  0?  THB  MEMBBAUB  01 
THB  RATS  01  BiaOTRIC  BBDOaMOSB 

Because  this  effect  was  a  direct  outgrowth  of  the  work 
with  water  it  will  be  considered  first,  with  its  noted  ^gularlty 
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4r 
ilBO  in  the  case  of  non  tqueow  solTents*  This  phanomenon 
irises  ftom  the  feot  that  aa  the  solution  is  forced  through 
the  meahrane  there  Bmst  he  a  certain  amonnt  of  friction  and  a 
tendency  to  pile  up  in  the  electrode  tnhe*  The  hydrostatic 
presstire  woxdd  tend  to  force  the  solution  baok  through  the 
membrane  ae  well  as  out  into  the  measuring  tube*  If  the  poros* 
ity  of  the  menhrane  was  large  the  haolc  flow  wonld  he  greater 
than  when  the  porosity  was  small  as  in  a  tightly  packed  mem- 
brane.  This  would  suggest  that  if  the  rate  of  endosmose  were 
plotted  against  the  rate  of  permeability  the  result  should  be 
i  straight  line#  An  examination  of  the  accompanying  curres 
ahowa  that  in  erery  case  the  rate  of  endosmose  increases 
19  to  a  maximum  and  thmn  decreases*  fhis  decrease  must  be 
due  to  friction  in  the  pores  of  the  membrane  itself# 
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TABLB  9 

January  7,   *fiO* 

Atb««to«  (Tarying  nalg^t)       Yaeutai  21  in.       Tamp.  26^ 


laatoaaa 
■o. 

Yoltaga 

Current 

Bnbbla 

Sirao- 
tloa 

em/sao 
Oamoaa 

om/eao 
Parma- 
ablllty 

Solti* 
tion 

e 

1S7.6 

2 

2 

n.B* 

+ 

0.132 

10.0 

HgO 

lt7.6 

1<<*2 

6 

m   m 

+ 

0.112 

10  40 

ItT.e 

2 

6 

m   m 

+ 

0.130 

6.9 

1£7.6 

8 

8 

n   n 

4- 

0.102 

4.6 

1B7.0 

6-6 

e 

m   m 

+ 
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3.6 

1B7.0 

£•25 

6 

R  " 

+ 
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2.6 

lee.o 

2-3 

6.6 
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+ 

0.128 

£.2 

126.0 

£-3 

6 

«f  m 

+ 

0.111 

1.2 

10 

128.0 

2-4 

4 

n   m 

+ 

0.126 

1.1 
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January  11,  *S0. 


X4BLS  10 


▲ataatoa  ts.  H£0. 


Man- 
brana 

ft. 

Dry      7a- 
▲abaa-atnm 
toa      vmbU 

Yalta ga 

Onrrant 

Bi- 
ree- 
lamp.tion  Bn1>bla 

oa/eaa 
Oamosa 

am/aaa 

parmaa* 

bility 

1 

6  9B     6  in. 

1B7.0 

2.0  na 

.   86<* 

+ 

4  m.m. 

0.161 

1.77 

s 

6  "     10  " 

UT.O 

8-4       • 

86  • 

+ 

6  •  • 

0.186 

1.8 

3 

6  •     16  " 

127.0 

4-4.6  • 

86* 

+  6 

.6  •  " 

0.196 

1.08 

4 

6  •     80  " 

1B7.0 

8-8.6  • 

26^ 

+ 

6  "  » 

0.166 

0.97 

e 

6  •  1E£  • 

127. 0 

8.0  • 

26« 

4- 

«  »»  w 

0.if4 

1.46 

6 

6  "     84  " 

U7.0 

2-8.6  • 

86*^ 

+ 

^  »  « 

o.in. 

1.38 

January  18,    '80. 


f ABU  11 


▲abaatoa  tb*  HgO* 


brana 
lo. 

Wi.Lry  Va- 
Aa-      autm 
baatoc  naad  Toltifea 

Currant 

Tame 

Bi- 

rao- 

tion  Bubbla 

em/sae 
Oamoaa 

am/aaa 

parmaa- 

bility 

1 

6  gn.  6  in. 

l2t.O 

2.0 

26* 

+ 

6  m.m. 

6.1*6 

1.67    ' 

£ 

6  •     10  • 

127.0 

2.0 

26** 

+ 

5  »  w 

0.186 

1.41 

3 

6  •     16  " 

126.6 

2.0 

26^ 

■h 

6  •  • 

0.196 

1.23 

4 

6  "     20  " 

126.0 

1.6 

26<» 

+ 

6.6  • 

0.198 

1.04 

5 

6  •     28  • 

117.0 

1.0 

26^ 

-h 

4  •  • 

0.190 

1.66 

6 

6  •»     84  • 

117.0 

1.0 

26^ 

+ 

4  ft  « 

0.164 

1.41 
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lABLB  IE 
^•nvBTj  19,    'SO* 

▲•%0«tOt    TS   HgO* 


fc 


Vt*  oxnm  roo-  T1b«  of  em/see  perm«a- 

Pry  Tfd    Tolttgg  Current  T«ip»tlon  Bnbtle  Soaking  OemoBa  blllty 

I       6  flp.l5  In.   1£3.0       3-4  £6^     -^      5.6  a.  16.6  hit.  0.867     1.06 


I   6  ■  16  » 

1£8.0 

8 

£6« 

+ 

6  • 

48 

»  0.186 

0.94 

J   •  •  16  •» 

180.0 

3-6.6 

86'' 

+ 

6  •» 

160 

«  0.380 

1.11 

I   6  •  16  • 

188.0 

£-4 

86*' 

+ 

7  " 

66 

•  0.800 

1.14 

i   6  •  16  • 

188.0 

8 

86*^ 

+ 

6.6" 

1S6 

•  0.138 

1.13 

USLB  13 
Janntry  88,    '80* 

Poroelain  (40-60  moeh)  ts.  HgO. 

f*-  Ya-  Bl-  om/eao 

put  It.     oxRUi  roo-  Time  of    om/sao  parmaa« 

m*     Pry    taaA    Yoltaga  Ctirrant  Tanp.tlon    Bttbtla  Soaking    Oamosa  tlllty 


I   15  gB.  6  In. 

181.0 

3-6 

86« 

+ 

6.6  n.n. 

17 

hrs. 

0.041 

0.61 

I   16  •  10  " 

181.0 

8-8.6 

86^ 

4- 

1^  If  M 

19 

m 

0.040 

0.184 

$   16  •»  16  • 

1£7.6 

7-9 

86^ 

+ 

5  N  It 

48 

m 

0.181 

0.068 

i   15  •  80  " 

184.0 

4 

86<» 

+ 

^  »  « 

46 

ft 

0.068 

0.306 

1   16  "  88  • 

188.0 

3-4.6 

86*' 

+ 

^  If  It 

47 

If 

0.046 

0.043 

I   16  •  84  " 

188.0 

8-4.6 

86« 

+- 

J   n   m 

49 

ff 

0.046 

1.83 
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lABLB  14 
H\TVMXJ  t,    '£0* 

ForoalalB  (100  mash)  tb*  HjO. 

|mh  Ya-  Di«  on/aaa 

drtM  It.     ontoi  rao-  lima  of    om/aao  parmaa- 

i»»     Pry    naad    Yalta ga  Cnrr ant  TaBm*tion    Butbla  SoatlBg    Owoea  billty 


i       5  91. 

15 

in* 

ite.6 

6-11 

26* 

+ 

7  m.m. 

26    hra. 

0.038  1 

(ooBapii 

1      6  - 

16 

1£8.6 

2-4 

26^ 

-1- 

f  If  If 

24       " 

0.066 

1.87 

1    10  • 

15 

1£6*6 

4 

26^ 

+ 

3  »  ff 

27       • 

0.174 

0.79 

.     10  " 

15 

128.6 

2 

25« 

+ 

4  •   " 

29.6  " 

0.088 

0.656 

1     16- 

16 

1£8.6 

2 

26<» 

-t 

3  ••  • 

45.6  " 

0.101 

0.670 

1     16  • 

15 

126.0 

16 

26* 

+ 

7  If  ff 

118       " 

0.390 

0.610 

1    to  • 

15 

128.0 

8-10 

25^ 

+ 

4  If  If 

119.6  " 

0.233 

0.142 

1 

fABLB  16 

rabmary 

9. 

•20. 

• 

Foroalaln  (100  maah) 

▼a  HgO. 

m-  Ya-                                               Dl-                                                   on/aae 

mat  Wt.  exniB                                             rao-                  Tiaa  of  cm/aae  parmaa*^ 

»♦     Dry  naad    Yoltaga  Currant  lamp.tlon  Bntbla  Soalclng  Oamoaa  billty 

16  01.  6  In.  128.0  (3-20)  26^     •*■  5  m.m.  42  hrs.  0.078       4.34 

16  "  10  *  128.0     3-16  26®      +  7  •  »»     47     »  0.061       4.21 

i     16  •  15  "  128.0            2  26®      •»•  6  •»  •»     90     •  0.096       4.66 

I     16  "  20  •  128.0     1-2  26®      -^  6  "  »•  IM     •  0.074       2.96 

f     16  •  22  •»  128.0     1-  1.5  26®      -*"  5  •  »  140     "  0.087       3.25 

k     16  "  84  "  128.0     1-2  26®       +  5  "  "  143     "  0.056       4.67 
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SABLB  16 

J%\TvakT7  S6,    * 

so. 

Filter    Papex 

T8 

H£0. 

k-    Io*of 

rana  thlek- 

U      ness        Kind 

Yolttfta 

Cturrant 

Tanp. 

Di- 

rao- 

tion 

Bti1>l>la 

0m/8ae 
Oamoae 

om/aao 

parmaa- 

Mlity 

1 

a*     d« 

a  697 

1B7.5 

4-8 

86^ 

+ 

6  B.n. 

0.016 

7.0 

1 

£ 

If 

If 

1£7«6 

8 

n 

+ 

6  •  • 
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3 

It 
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8-8.6 

• 

+ 
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I             4 

m 
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m 
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i            5 

m 
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+ 
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m 
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3-4 

m 

+ 
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T 

m 
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d 

m 

+ 

5  It  » 
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0.64 

e 

m 
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8-6 

• 

+ 

5  It  It 

0.148 

0.41 

9 

m 
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8-4 

ft 

+ 

3  "  «• 
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0.60 

10 

If 

189.6 

3-4 

• 

+ 

3  w  It 

0.076 

0.63 

11 

« 

189.6 

3-4 

It 

-»- 

4  "  " 
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0.66 

12 

If 

189.6 

3-4 

• 

+ 

5  It  w 
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0.64 

1         13 

1 

If 

189.0 

6-7 

It 

+ 

2  «  It 
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0.61 

1         14 

K 

If 

ff 

187.6 

8-8.6 

•>t 

+ 

3  It  If 

0.033 

0.83 
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TABLB  17 


Maroh  8*  'SO. 


filter  Paper  tb  E£0. 


^ 


— —  u«m- 

i.  lo.of  Di-  on/seo  brane 

>«n«  thick-  Cur-  r«e-  em/seo  permoa-  after 

neaa    gin^  Voltage  rent  tion  Temp.  Bntble  Oamose  bility  rvn 


I  * 

I  « 

16 

£0 

£ 


10.690 

w  n 


1£0.0 
1£0.6 
110.6 
1£0.6 
1£0.6 
1£0.6 


£ 
£ 
£ 
£ 

1 
1 


+ 


£6^     6.m.m.     0.063 


6  "  " 

6  •»  •» 

5  It  If 

£.6  • 


0.06£ 
0.060 
0.0£7 
0.0£6 
0.034 


tiny  air 
0.34    bubbles 

0.£8     0*K« 
(air 
0.18  (bubbles 

0.10     O.K. 

0.076  O.K. 

(tin/  air 
0.69  (bubbles 


Mareli  4,    '£0. 


fABLI  18 


filter  Paper  ts.  H£0. 


g-__ 

le.of  Si-  on/seo     brane 

thielc-  Our-  ree-  om/see  permea-  after 

nesa       J^^^^    Voltage  rent  tion  Tew)»  Bubble  Osnose  bility    run 


piae 


f 

£ 

S.i  d. 

10.689 

1££.6         ] 

L         > 

£6« 

6  a.m. 

0.03£ 

6.63 

O.K. 

f 

4 

»      w 

1££.6         ] 

L          ■*• 

5  "  «• 

0.064 

£.64 

O.K. 

% 

8 

•       w 

1££.6         ] 

I          -h 

3  »  " 

0.081 

1.11 

O.K. 

i 

1£ 

»      « 

1£7.0         ] 

l           + 

^   n    n 

0.066 

0.64 

O.K. 

1 

16 

»      II 

117.0         ] 

1^             4- 

^   n    w 

0.048 

0.£6 

O.K. 

6 

£0 

n      n 
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L           ■♦' 

6  *  « 

0.040 

0.£0 

O.K. 
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MMVoh   9,  <80< 


7ABLB  19 


Yllt ar  Papar  ▼■•  HgO. 


lam- 

Irane 
lo* 

So  .of 
thlotc- 
nas* 

Kin* 

Yoltasa 

Otur- 
rant 

rao- 
titm 

famp 

.Bubbla 

on/sao 
Oamosa 

om/sao 

parmea- 

l»lllty 

Urn- 

brana 
after 
rtm 

S 

10.596 

116.5 

1 

+ 

ts" 

4  M.M. 

0.036 

6.66 

0.£. 

4 

•     It 

116.6 

1 

•h 

■ 

3  ■  " 

0.068 

3.44 

O.K. 

6 

N         II 

130.0 

1-1.6 

+ 

N 

5     W     N 

0.063 

1.02 

O.K. 

1£ 

m      m 

180.0 

1.6 

+ 

W 

4   n    n 
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0.82 

O.K. 

14 

«      n 
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1-2 

-^ 

II 

5   w   w 

0.032 

0.76 

O.K. 

20 

•      w 

Iflp.O 

1-2 

+ 

W 

3.6  " 

0.029 

0.66 

O.K. 
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lABLB  20 


filter  Papar  ts.  HgO. 


brana 
lo. 

jlo.of 

thiok- 

nast        Kind 

Tolta^a 

Di- 
cta*- rae- 
6aat  tioa 

Tamp. 

Btiltbia 

oa/seo 
Osmosa 

em/sao 

parmea. 

bility 

Uam- 
brane 
>  after 
run 
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2           lo.  40 
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1 

+ 

26» 

6  M.tf. 
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4.81 

O.K. 

4             " 

n 
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1 

+ 

3  »  « 
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2.S8 

O.K. 
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If 
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-h 
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O.K. 
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+ 

5    w    n 
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16              " 

If 
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0.46 
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20              • 
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2 

+ 

6  •  •» 
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Mareh  15,  'SO* 


SABLl  SI 


filter  Paper  ts.  H20* 
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nary 

Ypltaca 

Cnr- 
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om/sae  parmea- 
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1£9.0 

8 
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O.K. 
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« 
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+ 
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+ 

11 
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O.E. 

18 
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+ 

m 
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0.031 

0.53 
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O.K. 
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0.88 

O.K. 

UBJM  i 

it 
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Vmh  So.  of  2)i-  em/sec 
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lo.      nan       tioa  Yoltaga  rent  tion  Temp.  Bubble  Oamose  Osmoae  tility 
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TABU  £3 


May  12,    '20. 


Aaj^Aloohol  ts*  8.  h  &•  Paper  lo.  689. 


Si-  en/seo 

hm  Ie*of  Soln-  Cnr-  r«o-  om/seo  om/see/rolt  peraiM- 

te»  thietaiesi  tlon  Yoltage  rent  tioB  t»aT)»  Btibtle  Osmoae  Ogmoae  bllity 


S 

4 

8 

IS 

16 


Aleohol  623.0 


N 
ft 

m 


m 
m 


0 
0 
0 
0 
0 


25®  3.6  m.n.  0.124  1.9X10"* 


"6   "  "  0.164  2. 41  •• 

"  5.6  "  "  0.128  2.01  • 

•  4.6  "  "  0.091  1.41  •• 

"  4.6  "  "  0.0T3  I.IX  " 


0.66 
0.22 
0.16 
0.11 
0.087 


Mmj  31,  <S0. 


SABLB  24 


litre  Bensene  ra.  S.  Ii  8.  Paper  Ho.  689. 


niof En 

Ban  thiek-  Soln-       Cnr-  reo-  on/aeo  om/aeo/rolt  on/aee 

lo.  n«««    tion  Voltage  rent  tion  Temp.  Bubble  Oamose  Osmose     permea« 

bility 


1    Z 

t  4 

ttom 
praiL-  6 
out 

3  8 


4 

5 


12 
16 


Sitro 

Ben-       666.0 

sene 

»  It 


0 
0 
0 
0 
0 
0 


♦ 

4 
4 
4 
4 
4 


26* 

«t 

If 
• 
It 


3  m.a.  0.182     3.2X10'* 
6     "  "  0.267     4.8X  •• 
4.6"  "  0.391     7.0X  " 

6     "  "  0.726  13.0X  " 

4  "  ■  0.748  13. 4X  " 
3     "  "  0.627  11. 2X  " 


2.67 
1.36 
0.88 
0.68 
0.60 
0.36 


Digitized  by 


Google 


Digitized  by 


Google 


6^ 

lABLB  85 

Jwie  11,    '£0. 

Pyridine  tb*  8.  &  S.  Psper  Io«  569. 

JoToI                                       5n                                  '             '       '  om/8«o 

tarn  Thick-  Sola-                   Cvr-  r«c-                            em/seo  om/seo/Tolt  permes- 
>o«  n»««       tion    Voltage  rent  tion  Teap»  Bntble  Oamoae  Oemose tility 

£6.6^  4.5  B.tf.  0.801  20.7Z10'^     4.00 

•  6        •»  •  0.188  18. 5X  "         1.76 

•  6       *  "  0.110  11. 5X  "         1.18 

•  3.5  "  "  0.089     9.11  •         0.68 
"  4       •»  "  0.069     7.U  ■       10.00 


£ 

dine 

971, 

.0 

0.5 

•!> 

4 

ft 

• 

0.5 

4 

8 

m 

« 

0.5 

4 

18 

w 

» 

0.5 

* 

1 

n 

If 

0.5 

♦ 

Jvne  £1,  '80. 


XABLB  £6 


Bensaldehyde  ts.  S.  k   8.  Paper  Ho.  569. 


So.  of  Di-  om/aeo 

tan  fhiok-  Soln-  Ctir-  reo-  om/aeo  om/aee.Tolt  Permea- 

lo«  ne»B       tion    Voltage  rent  tion  feap.  Bubble  OsmoBe  Oamoae  bility 

Bensal-  .  -E 

1        8         dehyde     954.0     0.6       4  £5^  4.5  m.n.  0.1£8  13.8Z10           3.74 

«4                •              "0.5       4  •  s       "  "     0.166  16.31  "            1.76 

8        8                "              •         0.6       4  •  3.6  "  *     0.££3  83. 3X  •           0.79 

♦      1£                "              "         0.6       ♦  "  3.6  "  "     0.306  38.0X  "           0.66 

6      16                "              "         0.6       4  •  3.6  "  "     0.£88  30. IX  "           0.46 


Digitized  by 


Google 


Digitized  by 


Google 


/X^T<    $:/  C^STTf^se, 


Digitized  by 


Google 


/; 


i    _.  1...  ^.   ■■ 


Digitized  by 


Google 


5" 


;!^^^      tf    C/STT,^^' 


Digitized  by 


Google 


Digitized  by 


Google 


Ifdi*     '/  Cs-m^Si 


Digitized  by 


Google 


I.   ' 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


^ 


Si 


>• 

(^ 


1^ 


Tfdi^     0/   Osirn^s^ 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


i 
i 

t 


>Cf3e-. 


Google 


Digitized  by 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


(^ 


> 


^tc     */  ^Smoat^ 


Digitized  by 


Google 


J  -l-  ,i 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


i 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


-rfdt€     ^/  6?^ 


-rnost^ 


7f<^yc      4/  Cf. 


S  TTia^  c. 


Digitized  by 


Google 


^  i 

{ 

\ 

i  I 


1     .-!  -  .-I 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


.J 
»  -J 


;  -» 


h^ 


1 
a. 


.1 

H 
.1 


Digitized  by  VnOOQ IC 


4--[  -•!    ■'  .    : 

•  ■    '   *  *        '        1 , 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


k 


X 


N 


V 


V 


^  I 


yi^^ic     a/  ^S7r^4>Si 


Digitized  by 


Google 


-4- — 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


\' 


I 


^ 


Tj^dfc     ^/  Osmose^ 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


67 

Ih«  aoooapanying  tables  show  in  aaoh  oasa  the  solntion 
and  aaiBlirane  ttead,  the  alia  and  weight  of  the  aemhrane,  and  the 
rate  of  andoanoae  and  panneahillty  expresaed  in  ea/aeo*  ▲•  the 
foltago  is  a  faeter,  it  ia  also  given  along  with  the  temperatnre* 
The  oorrent,  aiie  of  the  hnhhle,  and  direetion  of  flow  are  alao 
added*  In  addition  in  the  later  tahlea  the  rate  of  endoamoae 
la  oalenlated  to  oM/aea  per  Tolt* 

fha  firat  trial,  repreaented  hy  fable  9  ant  ita  ae* 
eoHpanying  o-nrTe,  waa  nade  on  aabeatoa  Bembranes  built  np  in  the 
■anner  preTionaly  diaonaaed.  Theae  were  kept  tmder  water  until 
ready  for  uae.  The  aabeatoa  waa  not  weighed  but  aiaply  btdlt 
«p  of  varying  thioknaaaaa.  The  permeability  was  aeaanred  by 
attaohing  a  auation  ptuap  to  one  end  of  the  apparatus,  with  the 
bubble  tube  reaoTod,  and  auoking  water  through  the  Beabrana  under 
a  raouuB  of  I/2  inoh.  Thia  was  found  to  be  unaatiafaotory,  ao 
the  subsequent  permeability  meastarementa  were  made  by  the  method 
proTioualy  deaaribed.  There  waa  not  muoh  regularity  in  the  ourTe. 

The  aecond  set.  Table  10  and  ita  onrre,  was  made  up  by 
using  6  gma  of  dry  aabeatoa  in  each  oase  and  varying  the  preasura 
to  aaeura  the  differenoe  in  permeability.  The  aabeatoa  uaed  he& 
been  thoroughly  waahed  and  dried  before  weighing,  and  waahed 
again  after  building  up  the  membrane;  but  the  ourre  waa  atill 
irregular.  ^Table  11  ia  merely  a  repetitiom  of  Table  10.  after 
the  membrane  had  been  in  pure  water  for  a  day.  The  general 
nature  of  the  otorye  waa  the  aame  ezoept  for  an  inerease  in  en- 
doamoae rate  in  eaoh  oaae.  Thia  auggeated  that  perhapa  the  time 
of  oontaot  with  water  might  hare  a  meaaurable  effeet  ao'^^the  next 
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tables  «ve<f4t«i<t  tK«  /»cr«««<d  0/  eovvt^ctA  In  th«  next  ««t,  Tal>l«  1S» 
th«  Mm«  ««lght  and  prosanre  vaa  tuiad  in  aaoh  oasa  and  the  ottrra 
has  tha  aama  ganaral  shapa  as  bafora.  ftirthar,  thara  fraa  no 
dnplloation;  a  matter  to  "be  dlaousaad  later. 

AabastoB,  proTing  nnsatisfaotory,  a  soft  peroalala 
battery  ottp  nas  grotmd  up  and  ■ashed.  That  portion  passing  a 
40  but  not  a  tO  mash  siara  was  washed  and  made  into  the  membranes 
used  in  the  next  run.  Table  13.  These  were  made  using  the  same 
wei^t  and  rarying  tha  pressure*  It  was  found  that  they  tended 
to  disintegrate  during  the  flow,  the  poroelain  being  too  soft* 
To  oraroome  this  difficulty,  a  muoh  harder  grade  of  poroelain 
was  obtained  and  Table  14  represents  the  results  with  100  mesh, 

varying  tha  weight  with  the  same  pressure*  Ihiplioation  was  also 

hut 
tried  herey^unsueoessfnlly*  These  membranes  remained  quite  oom- 

paot  but  the  glass  wool  plugs  beosme  a  dark  brown  due  to  the 

migration  of  the  binder  used  in  making  the  original  plate*  It 

was  than  washed  with  hot  water,  dried,  meshed  again  and  built  up 

into  mmbranes  giving  the  results  in  Table  15*  Doubtless  a  large 

error  due  to  the  solubility  of  the  membrane  was  introduoed  here 

and  beoause  of  suoh  laok  of  regularity  it  was  decided  to  try 

filter  paper* 

The  paper  used  was  the  best  obtainable:  Schleicher  and 

Sehftll,  acid  washed  of  varying  grades  and  Whatman's  Ho*  40*  These 

papars  were  cut  in  circles  of  the  desired  site  and  then  placed  in 

water,  or  the  solution  to  be  used,  for  at  least  twelve  hours 

before  measuring*  The  use  of  such  gave  the  possibility  of  varying 

the  thickness  of  the  membrane  at  will  and  of  duplicating  not 
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61 
fTldent  in  th«  pr«TiOTi8  work.  Ona  Alffiotdty  nhioh  prasanted 
Itsolf  «8«  that  of  the  ramoral  of  air  bubhlas.  This  was  first 
attamptad  "bj  applying  snetion  to  "both  alaotrode  tnlias,  aftar 
filling,  htit  this  almost  inrariably  rtqpttorad  the  nambrana.  It 
■as  fotmd  satisfactory  to  merely  soak  and  shake,  and  than  jkrass 
firmly  together  before  plaoing  in  the  apparatns* 

The  first  nms  using  paper  mere  still  not  Tery  regular 
•a  ahomi  by  labia  16,  and  its  ourTe,  but  it  was  during  this  set 
that  the  apparatus  was  broken  and  the  new  one  had  larger  elee- 
trode  tubes  whi oh  altered  the  sensitireness.  However ,  labia  17, 
using  8  k  3   paper  Ho.  590— Table  18,  using  S  li  S  paper  Hp.  689 — 
table  19,  using  S  li  3  paper  lo>.  696 — Table  SO,  using  Whatman's 
lo.  40,  and  Table  £1  using  ordinary  qualitative  paper,  all  gave 
the  same  type  of  ourve  when  the  rate  of  endosmosewas  plotted 
against  the  rate  of  permeability* 

Beoause  it  was  so  apparent  that  permeability  was  a 
faetor  affeoting  eleotrio  endosmose,  the  rate  of  permeability 
laa  determined  for  all  runs  with  non  aqueous  solutions*  Hot 
only  was  this  done  with  the  pure  solvent  in  the  same  series  of 
gradation  as  with  water,  but  this  faotor  was  measured  for  eaoh 
■ambrane  used,  to  note  if  it  might  not  explain  soma  of  the  other 
peouliarities*  S  &  3  paper  Ho*  669  was  ohosan  in  eaoh  oase  as 
the  most  satlsfaotory* 

Table  2S  and  its  curve  is  for  aoetons.  Table  £3  for 
•■yl  aloohol.  Table  £4  for  nitrobenaene.  Table  £6  for  pryridine, 
lable  £6  for  bensaldehyde,  and  Table  £7  for  n«>butyl  alcohol.  It 
will  be  noted  that  the  effeot  is  the  same  whether  the  endosmose 
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It-i'ftofrard  th«  oathod«)  or  •  (toward  the  anodo)*  It  will  aleo 
"be  notad  that  tha  otcrra  is  mtu)h  ateapar  ahora  than  halon  tha 
maziatn  showing  that  a  ohanga  of  parmaahillty  np  to  tha  nazlmtdn 
haa  a  muah  anallar  affoat  upon  tha  andosmosa  rata  than  beyond. 
ffqrthar»  tha  aaxlmtui  does  not  appear  at  tha  same  ntunhar  of  thiok- 
nasaaa  for  different  meahranea  or  different  solrenta*  This  deter- 
Biaation  was  made  at  the  Tery  beginning  of  a  set  of  rnna  with  a 
ptrtionlar  solvent,  thus  aarving  aa  a  meana  of  selaeting  the  most 
rapid  membrane*  ▲  possible  explanation  of  this  phenomenon  will 
be  suggested  in  the  final  discussion. 

APSOBPTIQg  WIPWRIMWffTS 
Beeause  so  much  of  the  theoretioal  disoussion  suggested 
that  adsorption  was  the  greatest  faotor  in  determining  eleotrie 
andosmosa  soma  simple  effects  were  triad.  Filter  papers  were 
aoaked  first  in  a  medium  ha ring  a  highly  adforbable  ion  like  H 
and  one  with  a  low  adaorbing  flaotor  like  01.  This  membrane  was 
than  taken  out,  washed  and  plaoed  in  the  apparatus  whioh  was 
filled  with  pure  water. ,  The  rate  was  greatly  reduoed,  but  not 
rtversad.  Other  aubstanoes  of  like  nature  gave  similar  results* 
Vpon  using  Ha  10^,  where  the  anion  is  most  highly  adsorbed,  the 
rata  was  greatly  inoraasod.  Similar  substahoas  also  gare  like 
'•suits*  In  water  aolution«  as  has  bean  shown  by  many  investiga- 
tions, adsorption  is  a  predominating  faotor*  Just  how  effeotive 
it  is  in  non  aqueous  solvents  will  be  oonsidered  later* 
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upBHiamrgs  with  not  Aftunore  solybits 

Some  of  thl8  work  (oontiniiotis  rims  and  permeability 
effect)  has  already  been  disouaaed  and  nill  not  be  repeated « 

PHPABATIOI  Of   S01TKHT3  AM)  SOLTOBS 

The  water  need  in  these  experiments  was  distilled 
from  £  MnO^  and  had  a  rery  low  oonduotlrity  as  shown  by  amperage 
readinga  tinder  high  voltage* 

The  aeetone  was  Baker's  analysed.  Lot  61019  Sp«  Gr« 
0#  T99#  It  was  dried  by  standing  orer  anhydrous  On  SO^  and 
fraetionated  between  66^  and  56*8?  It  was  necessary  in  most 
cases  to  recover  some  of  the  solvent  for  use  in  later  experiments 
and  this  was  first  distilled  from  the  dissolved  salts  and  then 
treated  in  the  same  manner  as  for  the  previous  purification. 

The  amyl  alcohol  used  was  Baker's  analysed.  Lot  63716, 
Sp*  6r.  0.  806«  fhis  was  dried  in  a  similar  manner  and  frac- 
tionated at  ie9«8^ — 150.6?   Because  this  solvent  seemed  unique^ 
in  that  it  gave  negative  endosmose  and  thinking  this  might  be 
due  to  occluded  acetic  aoid^it  was  distilled  from  lime  and  then 
treated  as  before. 

The  nitrobeniene  was  March's  highest  purity.  Some 
difficulties  were  also  experienced  in  the  first  runs  with  this 
solvent,  thought  at  the  time  to  be  due  to  an  impurityv  but  later 
found  to  be  caused  by  cleaning  acid  not  being  thoroughly  removed. 
However,  it  was  treated  with  Vag^^S*  dried^  and  ftaotionated  at 
806*0^  te  £07.6^.  lo  attempt  was  made  to  remove  any  dinltro- 
bensene  which  might  be  present* 
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fh«  pyrldiB*— •U«rok*«  quality, was  fraotionatad  after 
loac  standing  orar  hlghast  pnrity  XOB.  It  had  a  tolling  point 
of  114*0®  to  116.0*. 

Tho  tonsaldohydo  was  Morolc'a  highest  purity  and  no 
itteapt  was  made  to  farther  pvrify,  on  aooomit  of  oxidation 
•ffeots.  It  had  a  hoiling  point  of  178.9®  to  179.S? 

fhe  n-hutyl  aloohel  was  Sas'tean  's  roseareh  prodnot 
le.  60,  and  hoiled  at  116.8S.117.6?  Although  this  flso  gave 
negstlTe  endosmose,  only  a  smell  quantity  was  distilled  firom  lime 
and  dried,  glTing  the  same  result. 

The  salts  used  were  either  Uerok's  or  Baker's  highest 
purity  and  were  merely  dried  and  kept  in  closed  weighing  hottles 
in  a  desloeator.  In  one  or  tuo  oases  it  was  irapossihle  to  ohtain 
the  pure  prodtnt  and  these  were  reorystalllsed  and  then  dried. 
Calculations  for  the  preparation  of  solutions  were  made  on  the 
irj  basis. 

OTPIICATIOB 

VOy^  attempts  ha  to  preriously  been  made  to  duplloate 
results  obtained  in  eleotrio  endoamese  through  a  duplloation  of 
■embranes.  In  faot«  former  workers  on  membranes  hare  fotuid  this 

go 

one  of  their  greatest  problems.  '^  Instead  of  making  suoh  attengpts, 
the  mmibrane  uhioh  had  been  out  from  a  plate  or  built  up  in  the 
■anner  desorlbed  was  merely  washed  out  and  used  again.  When  «e 
vaalite  the  difficulty  InTolred  in  removing  oeeluded  substances 

9S.  Bart ell  and  Co-vorkers.  Loo.  olt* 
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ii«  •••  hoi*  laportant  this  !••     Partieularly  is  this  tme  In  the 
o«s«  of  i>at«r  where  the  eleetrolyala  of  the  aubatanoe  itself 
proiTMea  highly  aiaorhed  iona*     ftarthemore,  aoat  atibstaiieea 
are,   to  a  greater  or  less  extent,   soluhle  In  water  and  even  a 
Tary  slight  soluhlllty  night  prodtioe  a  highly  adsorhed  Ion  idiloh 
vo-nld  hare  an  appreclahle  effeot  upon  the  rate  of  flow*     Just 
liow  dlfflonlt  this  duplieatlon  with  water  and  an  aahestos  nen. 
"brane  was  is  shown  in  Tahle  1£*     With  porcelain  and  water  lahle 
14  gives  the  results*     B?en  when  the  poroelain  was  washed*  dried, 
r«aeshed  and  washed  again  with  hot  water,  the  results  did  not 
dxQilioate  (Table  28)*     In  faot,   it  was  seen  in  Tables  10  and  11 
tliat  a  seoond  run  on  the  same  Benbrane  after  soaking  and  washing 
did  not  glTs  the  same  results* 
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fiBLB  ee 

fabnsry  10,   '20* 

Poroelaln  (100  neah)   va*  Water. 
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•     0.203 
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Maroli  17,    '80. 


lABia  30 


filter  Popor  ▼■  HgO. 


t 


Mo  .of                91-  on/ 800 

Shick-            Ottr-  roo-           oa/soo  on/soo/volt  Pormea- 
no«a  _J^^^_  Toltaga  rant  tlon  tOMP»  Bnttlo  Oamoeo  Oamoeo tility 


10 

10  < 

irrr 

>   597 
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8-3 

♦ 

85* 

4.6 

B.B. 

0.074  61  X  10' 

.6 

0*68 

8 
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4 

m 

3 

If    If 

0.058  48  X  ** 

0.91 

i 

8 
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4 

m 

3 

If    If 
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0.98 

1 

8 
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4 

« 

5 

N     If 
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5 

6 
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4 

« 

6 
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0.050  41  X  " 
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i  31 

Maroh  80,    *80. 


flltar  Paper  va.  H^O. 


So.  of 
!■&  Shiok- 
lo.  nasa 
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Otff- 
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©1- 
roo- 
tlon  ToBp. 

Bubble 

am/aea 
Oamoaa 

OB/aaa/volt 
Oamoaa 

oa/aea 

PerBoa- 

blllty 

1        6 

ft  i  S 

10.689 
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4 

m" 

6  B.B. 
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48  X  10"^ 

1.80 
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4 

• 

8.6  " 

0.067 

54  X  " 
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4 

• 

4   «    n 
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♦ 

• 
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4 

If 
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♦ 

If 
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0.97 
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If 
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If 
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Mmj  10,    'SO. 


ZiBLB  3S 


filter  Paper  ▼••  H2O. 


10.  or  Di-  ^  om/i«o 

m  fhiek-  Ctur-  reo-  em/seo     om/sae/Toll'  Pennaa- 

»«  nasa     _J^^^    Voltage  rent  tioa  faaT>«  Bntbla  Oemoea     Oemoee  tility 


8 

^  i  S 

Ho « 597 
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4 

w 

ff 
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4 

If 

m 

6.0 

♦ 

It 

w 

5.0 
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11 
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♦ 

« 
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"  6     "  "  0.338  8.6  X  " 
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"  6     ••  »  0.S97  7.5  X  " 

"  4.5"   ••  0.483  12. £  x  " 

"  6     «  ■  0.341  8.6  X  " 


-4 
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Varch  26,  *20. 
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filter  Paper  va.  H£0. 
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■  5i- 
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lo 
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* 

u" 
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0.78 
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■¥ 

m 
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* 

ft 
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0.77 
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* 

ff 
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0.63 
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• 
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0.67 
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ff 
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0.46 

f       ■ 

122.0 

1 

♦ 

ff 
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ft 
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April  6.    *£0. 


TABLB  34 


iLe«tone  ▼«•  ?ilter  Paper* 


10  .of 

m  Iklolc- 
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Toltacce 

Ctir- 
r«nt 

r«e- 
tlon  foin». 
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•i 

8 
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0 

♦ 
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6 
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0 
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♦ 

6 
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37.9 

X 

It 

>A 
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0 

* 
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Uh 

w 
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♦ 
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It 
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UBUL  36 


April  7,    *B0« 

Aeotene  vs 

filter  Paper. 

10  .of 

B  ZlllOlC- 

I*  a«8i       XlaA 

Tolttce 

rent 

3>i- 

ree- 

tioa 

fOBP. 

Bubble 

ob/boo 
OsBOse 

OB/see/Tolt 
Oemofro 

-A    6         10.689 

^48.6 

04 

4 

86*» 

6  B.B. 
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47.9  X  10"  * 

1    »               •» 

648.6 

04 

4 

5  If  II 
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39.2  X  " 

•A     »•                 « 

406.6 

0 

4 

5   w   w 

1.181 

89.2  X  " 

.B     •                 • 
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04 

4 

^  «  ti 
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86.4  X  •• 

•B    •                " 
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04 

4 

6  •♦  " 
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•B     "               •'• 
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4 
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fAfiUI  36 

April  8,    *80. 

AOetOBO    T8 

1.  filter  Paper. 
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reo- 
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9  "  "  2.069  60.7  x  •• 

8  ■  "  4.261  66.3  x  " 
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April  7,    'BO* 


2ABLB  36 


Ao«ton«  T8  filter  P&p«(r. 
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April  8,    '80. 


lABLB  36 


Aeetoae  ts.  lilttr  Paper. 


lo.of 
tan  thiot* 
if*  neia      Kind    Voltage 


j^-  -  .       ^  0B/ae« 

Ctit-  reo-  om/seo  OBi/seo/TOlt  Permea- 

rent  tion  Temp.  Babble  Osnoae  OamoBe  tility 


1-A  8 

LB  " 

M  n 

8-1  •» 
8-B 
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•  9  "  "       2.126  62.2  x  •  2.80 
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Kay  IS,  *20. 


Amyl  Aleohol  ▼••  rilt«r  Paper. 


jjj- 

tan  Mmk'    SolQ-       Ctor-  r«o- 

[Q,  IfAa  tion  Yoltagf  rant  tlon  T»ap>  Bubbla  Oamosa  OsmoBa 


on/aao 
om/eao  OB/aeo/volt  Parmaa- 

billty 


6  Thlek-Anyl 
naaa    Aloo- 

L     3*9-689     hoi  ftfiS.O 

I             •           •  tt 

I             •           •  • 

I             «           If  « 
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0 
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26^     7.5  m.m.  0.168     S.6  x  lO'^     0.E4 


"  7       «  "  0.133  2.1  X  " 

••  7.6""  0.138  2.2  X  " 

•  5.6  "  "  0.19T  3.1  X  " 

••  4  "  "   "  0.166  2.6  X  « 


0*22 
0.23 
0*22 
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May  81,    'aO, 


TlBIiB  36 
Bitro  Bansana  tb.  liltar  Papar. 


Si-  em/8ao 

Kvn  Mas-       Soln-  Cxxr-  rao-  en/Bao  om/Bae/TOlt  Parmaa- 

lo.  trana     tion  Toltaga  rant  tlon  Tamp.  Bnbtla  OamoBa  OamoBa bility 

d  fklok-Hltro  

neaa    Ban- 
1    SftS-689  Sana     666.0 


E 

Z 
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9 
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w 
m 
If 


0 
0 
0 
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♦ 

4 
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J«na  12,  *20. 


TABLB  39 
Pyridina  vs.  Viltar  Papar. 
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lo.  brana     tion    Yoltaga  rant  tion  Taiap.  BtCbtla  OanoBa  Oaaoaa  bility 
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It 

0* 

♦ 

If 

0* 

♦ 

If 
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"       3.6  •»   "  0.083     9.8  X  "  1.60 

"        3.6  "  "  0.082     9.7  x  "  1.87 

m       6.6   IT   ft  0.083     9.»yijyOOgkl.66 
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fABLB  40 


Btni«ld«h7&«  78 •  filter  P«p«r. 


Di-  offl/8to 

n  Hmi-    Sola-        Cur-  r«o-  om/eeo  om/aeo/TOlt  Ferata- 

>»  br«n»   tlon  Yoltagt  rant  tipn  T8mp»  Bubtlt  OeaoBt  Ownoae tlllty 

8  llilek-«ld«- 
n«tt       hyd* 
tt8-689     * 


954.0  0.6 

"  0.6 

■  0.6 

"  0.6 


♦  £6**  4.0  m.m.  0.£90  30.3  x  10'^  0.94 

4  "     4.6  •  •»     0.£97  31.0  x  "  0.90 

4  "     4.6  "  •     0.fi99  31.3  X  "  0.9£ 

4  "     3.0  "  "     0.20?  £1.6  X  •»  0.84 


Jtdy  2.    '20, 


lABLB  41 


H-Butyl  Alcohol  vu  Viltor  Ftpor^ 


Bl-  om/aoo 

in  ItB-       Solu-                  Oiir-  roo-                            ob/«oo  em/soo/TOlt  Pormeo- 
I.  brano     tlon    Voltage  ront  tlon  Toap.  Butblo  Oanoso  OBnooo tlllty 


»  Thlolc-     FT 
nt88     Butyl 
Aloo- 
848-669     hoi 


940.0 


1.0 
1.0 
1.0 
1.0 
1.0 


86^     6     m.n.  0.188     19.7  x  16'^     0.47 


"  6     "  "  0.189  19.7  X  * 

•  6     •  "  0.191  £0.0  X  ♦• 

•  7.6"  "  0.188  19.7  X  •» 

•  4.6"  •  0.17d  18.4  X  " 


0.60 
0.64 
0.67 
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7/ 

In  0B«  ease  th«  (Mm«  B«m%r«n«— Icnoiin  as  manbraiM  9o«3- 
Sat  Io«  e,  Asbaatos— was  kapt  for  sareral  veets.  naalied  thoroughly 
tad  mn  on  aoTaral  oooaalons  and  the  reatilta  nare  far  from  haing 
tha  aana.  (Tahla  S9)* 

B?an  with  filtar  paper  vhan  using  vatar,  tha  dnplleatlon 
of  andoamoaa  vaa  Tary  poor  (Tahlaa  30,  31  and  3£)«  Table  3£  rapra- 
aants  mns  on  papers  iihioh  had  bean  washed  with  tvo  daily  ohangas 
for  a  period  of  two  months,  before  running.  In  one  ease.  Cable  33, 
•  number  of  imns  were  made  on  the  same  membrane  with  a  determina- 
tion of  permeability  and  a  thorough  washing  after  eaeh  rtoi*  In 
■oat  oases  this  difference  oannot  be  attribtcted  to  a  difference 
in  immeability,  as  nhere  the  endosmose  was  the  same  the  permea- 
bility rate  often  raried,  and  rice  rersa* 

But  this  seems  to  be  a  diffionlty  only  in  the  case  of 
water,  and  as  all  preTions  wort  was  with  this  solvent  it  is  an 
extremely  important  one.  Ion  aqxMons  solutions  in  most  oaaes 
Axtplieated  rery  well.  The  papers  were  merely  soaked  in  the 
■editni  under  oonsideration  and  taken  out  when  needed,  using  a 
new  membrane  for  eaoh  run.  This  also  made  it  possible  to  ao- 
qiiire  a  large  mass  of  data  in  a  oomparatively  short  time. 

Table  84  represents  runs  on  acetone  using  throughout 
the  same  manbrane:  6  thicknesses  of  3  ft  S  paper  Bo.  689.  In 
some  oases  the  duplication  was  good  and  in  others  poor.  Tsble 

86,  using  different  membranes  and  solutions  through  a  sholrter 

fh4f 
aeries  of  runs  gives  better  results.  Bote  her e^ the  vol tags 

•lao  fluctuated  sooe.  Just  how  aoourate^it  is  possible  to  oheck 
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Google 
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73. 

rtaxtlta  is  Bhoim  in  Tal>l«  36  «her«  the  B«ml>rane  8n&  solution 
woro  rononed  for  taeh  pair  of  rxms* 

Ihtplloatlon  with  amyl  aloohol  is  shown  in  Tahla  37* 
Shis  is  not  qnitt  so  good.  With  nltrohonsene  (Table  36), 
pyrldlae  (Table  39),  hensaldehyde  (Table  40),  and  n-butyl 
aloehol  (Table  41),  snoh  runs  were  also  made. 

Properties  of  the  solrent  night  have  some  effeot  upon 
suoh  runs,  for  example:  the  substanees  most  difficult  to  dupli- 
cate had  the  highest  risoosity.  further,  water  is  a  unique 
substance  in  many  respects;  its  high  dielectric  constant  giving 
it  a  dissociating  and  dissolving  power  not  manifested  by  the 
others*  Also  a  slight  impurity  might  for  this  reason  hare  a 
larger  effect*  Both  pyridine  and  bemsaldehyde  had  some  action 
upon  the  brass  oozmectors,  an  argument  in  favor  of  short  tuns* 
Bensaldehyde  is  al8«  oxidised  readily  in  the  air  producing  a 
relatively  strong  acid*  On  the  whole,  the  errors  are  less 
apparent  when  the  membrane  and  solution  are  ohanged  for  each 
short  run* 

THB  gf gBOT  0?  YAEYIBG  THB  APPLIED  POTMTUt* 
Sarlier  work  on  electric  end osmose  indicated  that  the 
endosmose  was  a  linear  fouotion  of  the  applied  voltage*  As  with 
other  related  phenomena  this  had  only  been  tried  out  witlt  water 
and  found  to  hold  except  at  high  voltages  -  (600  volts).    Aoe* 
tone  was  first  tried  and  it  is  interesting  to  note  that  the  cur- 

98.  Briggs*  Loo.  oit* 
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r«nt  was  very  Ion,  only  1  ailliamper«,  •ran  nhen  applying  a 
▼oltaga  of  1011  TOlte*  fablo  4S  and  Ita  onrre  shon  the  rosnlts 
using  tho  aane  m«Bl>rano  thronghont  tho  rtin*  The  onrro  Is  not  a 
straight  lina*  It  sill  be  noted  that  the  rnn  saa  made  by  start- 
ing at  a  los  TOltage  and  gradnally  Inoreaslng  to  the  naxinnffl* 
To  tsst  this  forther,  another  trial  sas  made,  starting  at  the 
■sxiwa  and  going  dosn,  sith  the  results  shown  in  Table  43* 
This  euTTe  sas  eren  farther  remored  from  a  straight  line  ezeept 
sp  to  about  600  TOlts.  To  test  if  this  dlsorepancy  sas  due  to 
the  nse  of  a  single  membrane,  another  ran.  Table  44,  sas  made, 
changing  the  membrane  and  solution  for  eaoh  change  of  roltage* 
This  ourre  is  also  not  a  straight  line*  In  the  ouryes  the 
voltage  is  plotted  against  the  rate  of  endosmose* 
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This  was  also  tried  with  water,  Table  46,  glTlog  a 
enTTe  irregular  at  high  voltages*  Snoh  a  oiarTe  was  also  obtained 
with  amyl  alcohol «  Table  46;  nitrobeniene.  Table  47;  p|rridine. 
Table  48;  benzaldehyde.  Table  49;  and  n-^bntyl  alcohol.  Table  60* 
In  each  of  the  eases  the  rnn  was  made  in  a  very  short  time 
using  the  same  membrane  thronghout*  The  otiTTes  for  amyl  al- 
cohol, bensaldehyde  and  n-butyl  alcohol  approximate  nearly 
straight  lines,  but  in  general  there  is  a  too  rapid  increase  of 
•ndosmose  with  the  applied  voltage*  Bnt  both  amyl  alcohol  and 
Bitrobensene  exhibited  at  high  voltage  a  tendency  to  pile  np 
In  the  electrode  tubes,  or  chamber  into  which  the  solution  was 
flowing,  dne  to  the  fact  that  the  high  viscosity  did  not  per- 
mit it  to  flow  ont  into  the  meastiring  tube  as  fast  as  it  came 
through  the  membrane*  A   voltage  at  which  this  effect  was  not 
apparent  was  used  for  subsequent  runs*  *  This  effect,  if  cor- 
rected, would  throw  the  higher  points  of  the  curve  farther  to 
the  right,  thus  shifting  the  whole  farther  from  a  straight 
line*  Kost  of  the  non  aqueous  solvents  were  noted  to  be  qtdte 
frictionless  against  the  glass,  in  fact,  pyridine  and  bensal- 
dehyde were  almost  entirely  so*  This  wes  a  great  advantage  as 
dirt  and  gresse  caused  little  error*  The  only  disturbing  fac- 
tor was  that  of  viscosity*  Further,  very  hi^  voltages  could 
te  studied  without  electrolysis  effects  as  will  be  seen  by 
noting  the  very  low  current  readings  given  in  milliamperes* 
layl  alcohol  and  nitrobensene  gave  absolutely  no  current 
reading  with  the  highest  voltage  obtainable  and  the  maximum 
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84 
In  any  oase  was  1  milliampera*  It  ahotad  te   uotad  again  that 
both  aaqrl  and  n-bntyl  albohols  gaira  nagatlTa  andosmosa,  vhlla 
the  othara  vara  posltlVa* 

It  appaara  that  tha  rata  of  andoamoaa  la  not  a  llnaar 
fmietlon  of  tha  TOltaga  ahoTa  a  aartaln  naxiBtm,  btit  Is  nora  or 
less  natarlally  ineraaead  sith  a  oorraapondlng  ahifting  of  tha 
points  to  tha  right. 

THB  BffBQT  OV   THB  APDITIOJ  0?  ACID  AID  AUCill 
Work  with  satar  aolntions  has  in  most  oaaaa  shown  s 
rsTarsal  of  flow  in  aaid  solution  whan  tha  original  namlDrana 
was  nagatiTaly  ohargad,  dna  to  tha  i|dson>tion  of  tha  H  ion 
present •  fha  OH  ion  of  tha  hasa  tends  to  inoraaaa  tha  flow 
through  a  nagativa  mamhrana  and  daeraaae  or  aran  rararsa  tha 
flow  through  a  positive  mamhrana.  Though  this  is  ganarally  true 
also  in  tha  oonslderation  of  non  aquaons  solTsnts,  variations 
are  noted  douhtless  dna  to  ohemieal  aotion  hetweon  tha  aeid  or 
alkali  and  tha  solvent*  Also  eelltLlosa  was  one  of  tha  suh- 

9A 

staneas  found  hy  ferrin   to  giva  no  aoid  reversal* 

The  aeid  saleotad  for  thesa  rtms  was  snooinio,  he- 
oanse  of  its  high  SAluhility  in  most  organie  solvents  and  the 
aase  with  whioh  it  oonld  ha  obtained  in  a  ptira  dry  condition  and 
waighed*  The  alkali  nsad  was  laOB,  Merok's  highest  pnrity*  In 
waic^ing,  every  preoantion  was  used  to  keep  it  as  f^ea  firora 
Boisture  as  possible*  Tha  solutions  were  made  np  of  a  oonoen- 
tration  of  l/lOO  and  then  diluted  to  «/lOOO,  l/lOOOO,  l/lOOOOO 
and  l/lOOOOOO*  The  leaat  conoentrated  was  always  T*nn  first  to 
prevent  errors  dne  to  insuffioient  rinsing  of  the  apparatus* 
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The  results  with  aostons  are  shown  in  Table  51  and 
its  aooompanTing  ottfTt*  Th«  euTTss  are  plotted  with  the  oon- 
eentratlon  of  aoid  and  alkali,  increasing  from  the  neutral  in 
each  ease,  against  the  rate  of  endoanose*  There  is  here  an 
increase  from  the  neutral  with  increasing  concentration  of  both 
acid  ant  allcali.  With  the  acid  there  should  he  a  deorease  due 
to  the  adsorption  of  the  H  ion  tending  to  nentraliie  the  nega- 
tive contact  charge  of  the  menhrane  which  is  directing  and  deter- 
mining the  endosmotic  flow.  To  test  if  this  was  a  feattire  of  the 
sneeinie  seid  alone  some  ^eetone  was  charged  with  dry  HOI  gas. 
The  results  were  similar* 
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Th«  •mjl   aloohol  otorre  (Table  6S),  is  perfeotly  regular 
in  regard  to  the  alkali  which  with  inereasing  o one antra t ion  tends 
by  adaorptioh  of  the  OH  ion,  first,  to  deorease  to  lero  and  then 
inerease  to  a  maxixTim.  This  deereaae  again  at  higher  oonoentration 
is  important  and  will  he  noted  again  in  the  study  of  oonoentration 
effeets*  The  aeid  otirve  deoreasee  slightly  with  inereasing  oon- 
oemtrstion  toward  the  anode  when,  unless  its  maxloram  is  rery  low, 
it  should  increase. 

Table  63  shows  the  nitrobensene  eurre*  In  this  both  acid 
and  alkali  show  a  maximum.  The  aoid  rate  falls  off  from  this 
point  with  inoreasing  oonoentration  while  that  of  the  alkali  in- 
eresses.  Here  the  Is  OH  was  diffiotatly  soluble  and  some  parti- 
cles were  left  in  the  H/lOO  solution.  The  pyridine  ourre  (Tslkle  54), 
is  almost  a  counterpart  of  this.  Bensaldehyde,  however,  (Tihle  66), 
is  quite  irregular  and  was  in  large  part  due  to  chemical  action 
with  the  solute  and  oxidation  in  tiie  air.  There  is  no  question 
in  this  ease  about  the  action  of  llaOH  on  the  solvent  and  farther- 
more  it  did  not  all  dissolre  but  left  many  particles  in  the  more 
concentrated  solution. 

The  n-butyl  aloohol  curre.  Table  66,  is  almost  the  same 
as  that  for  amyl  alcohol,  as  might  be  expected  from  its  chemical 
nature  and  similarity  in  other  runs. 

pifBCT  or  TBMggBATUHB  CHAHOB 

It  has  been  noted  in  a  previous  section  that  the  coef- 
ficient of  viscosity  of  the  liquid  medium  enters  the  accepted  equa- 
tion for  electric  endosmose  in  the  denominator.  As  the  viseosity 
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Ttrles  with  the  teaperature  this  faotor  was  variad  to  find  tha 

9fi 
affaot  on  tha  rata  of  flow.  Brlgga   found  In  tha  aaaa  of  watar 

that  tha  onrva  of  andoamoaa  against  tamparatnra  was  not  a  straight 

line  and  suggastad  an  aquation  for  tamparatnra  eorraction. 

Tun 

A  tamparattiraAwas  mada  npon  aach  solrant  stndlad#  In 

the  hath,  althar  coolad  with  loa  or  warmad  by  adding  hot  watar, 
was  placad  tha  apparatus  fill  ad  with  tha  pnra  solrant,  and  after 
equlllhrimi  was  attained,  other  faotors  helng  kept  oon8tant,tKf>r««  w«r^/v 
the  reanlts  illxistrated  in  the  acooapanying  tables  and  cttrres* 
The  tenperatnre  is  plotted  against  rate  of  endosmose# 
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Xha  first  aeetone  mn,  Tatle  67, -was  made  ttalng  the  same 
nea'brane  throughout.  This  our  to  aeemad  to  paae  through  a  maximum* 
Ihinking  this  might  be  oaueed  hy  the  use  of  a  single  membrane^  a 
aeooad  trial  was  made,  Tahle  68,  ohanging  the  membrane  and  solTont 
for  eaoh  run.  TIm  same  type  of  ourTe  was  obtained,  but  careful 
examination  shoved  that  at  high  temperatures,  bubbles  foimed  in 
the  apparatus,  partiotLLarly  the  bubble  tube*  Also  the  indicator 
bubble  inereased  greatly  in  sise  (aboTe  the  point  of  safety) 
making  suoh  readings  not  aooeptable*  The  remaining  our Tea  for 
amyl  alcohol  (Table  59),  -  nitrobensene  (Table  60),  ->  pyridine 
(Table  61),  >  bensaldehyde  (Table  6S),  -  and  n-butyl  alcohol 
(Table  63),  -  are  quite  regular  and  like  that  for  nater*  The 
temperature  used  was  not  high  enough  to  cause  the  difficulty 
experienced  with  aeetone, which  has  a  oomparatiTely  low  boiling 
point*  doubtless  the  others  would  be  as  erratic  tipon  approach* 
iag  the  boiling  point*  The  amyl  alcohol  shows  a  much  more  rapid 
change  of  endosmose  rate  with  the  first  temperature  change  than 
any  of  the  other  solTents*  An  examination  of  the  permeability 
rates  which  are  recorded  for  each  run  shows  that  this  could  not 
aeoount  for  any  of  the  differences  indicated* 

THg  BFJBCT  01*  THB  ADPITIOI  OF  OBRTAIJ  SALTS 
Tory  early  in  his  work  Perrin^  stated  his  Tslenoe 
rule  which  was  later  taken  up  by  most  iUTestigators  and  found  to 
hold  very  well  in  water  solutions*  It  was  also  shown  to  be  true 
in  the  case  of  the  lower  alcohols.    Bxperiments  were  osrried 

96.  Loo.  oit. 

97*  Bandouin*  Loc.  cit.  Barrett  *..  Harrii^iti^i^.Q^pgle 
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out  to  dttemiae  if  suoh  a  relationship  ezistod  in  the  oasa  of  tha 
•olTanta  under  inTestigation.  9or  cation  effeot  the  following 
aalta  were  naed;  IaH03:  EIO3;  OadOg)^;  Ba (103)2;  1^(103)3;  CrUo)3; 
9(10)4;  for  anion  effect:  KCHS;  0x1(10)2;  ^2^04;  ^£0204;  £3704; 
lasCit;  £4^0(01)^. 

In  «ater|l/lOOO  aolntions  of  moat  anhataneea  are  completely 
dissociated.  As  we  ha ye  here  lower  dissociating  media  it  was  decided 
to  use  l/lOOOO  solutions,  fttrthermore,  preliminary  rttns  on  acetone 
gave  too  hie^  a  enrrent  reading  in  S/lOOO  solutions  to  make  such 
strength  practical  for  the  battery  system  used.  The  strength 
l/lOOOO  was  quite  easy  to  attain  in  most  cases  and  in  many,  much 
stronger  solutions  were  possihle.  The  salt  was  carefully  weighed 
and  placed  in  a  flask  ahout  4/C  full  of  the  solTsnt.  This  was 
shaken  yigoroualy  and  in  some  eases  warmed.  In  a  few  instances, 
as  Oa(V03)2and  £CJI8,  and  in  nearly  all  oases  with  pyridine  as  the 
solTcnt,  this  was  sufficient  to  get  the  salt  into  solution.  In 
most  cases,  however,  the  salt  was  orushed  to  a  fine  powder  with  a 
long  flat  stirring  rod,  grinding  and  shaking  until  no  visible  par- 
ticles remained.  This,  with  subsequent  wsrming,  was  sufficient 
to  dissolve  the  most  difficultly  soluble  salts.  It  may  be  that 
in  some  cases,  as  evidenced  by  no  change  in  ourrent  reading,  the 
salts  did  not  oompletely  dissolve  but  remained  in  a  sort  of  col- 
lodial  suspension,  but  all  the  solutions  were  perfectly  clear 
after  standing  over  night.  One  of  the  reasons  for  ohoosing  sol- 
vents with  a  comparatively  high  dielectric  constant  was  their  high 
dissociating  power  and  hence  their  greater  tendency  to  dissolve 
eleotrelytes.  titrates  were  ohosen  beoause  of  the  erratic  nature 
of  many  of  the  ohlorides  and  iodides  toward  solution  in  organic 
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To  d«t«rmlae  vhloh  was  the  totter  oonoentrstlon,  M/lOOOO 
•orM/lOOOO,  aeetOBe  sol-ntlons,  were  made  up  with  eaoh  set  of 
•alte.  Tatle  64  for  the  firat  set  (eatlon  effeot)  and  Table  65 
for  the  aeoond  set  (anion  effect)  give  the  results  for  l/lOOOO 
oonoentration*  Tables  66  and  67  show  the  corresponding  ef foots 
using  lf/10000  solutions*  So  generalisations  were  possible  from 
these  results  so  it  was  deoided  to  use  l/lOOOO  as  being  thooroti- 
eally  more  ooBq>aratiTe*  If  the  effeots  were  due  to  ion  adsorption 
then  only  solutions  of  the  seme  normslity  should  be  oompared. 

Tables  68  and  69  give  the  results  with  amyl  aloohol; 
Tables  70  and  71,  with  nitrobensone;  Tables  7S  snd  73,  with 
pyridins;  Tables  74  and  75,  with  bonsaldehyde;  and  Tables  76 
and  77,  with  n-butyl  aloohol.  The  data  for  the  pure  solvent 
is  appended  to  eaoh  table  to  show  the  relationship. 
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f  ABLB  64 
April  S£,    'SO. 

▲OBTOini 


^  Mm- 

•   brans 

Solution  Volts gs 
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Ismp. 
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on/sso 
Osmose 

om/eso 
om/see/voltPsrmss 
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6  Ihiok- 
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SSOO3       £89.0 

3-2 
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E6'> 

C  n.B. 

0.461 
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-*  1.18 
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8  "  » 

0.488 
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"  Cs (103)4 
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- 
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7  •»  " 

0.377 

18.0  X  " 

0.80 

"  BsdOa)^ 

n 

1  - 

♦ 

m 

gnu 

0.803 

87.7  X  " 

0.76 

»•  Al(H0g)3 

If 

1 
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m 

6  •  " 

0.1B7 

4.8  X  " 

0.96 

■  Cr(Ao)g 
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1  - 
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e  «  N 

l.e68 

46.9  X  «» 

0.80 

•  U(so) . 
Pnre       * 
SolTsnt 
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0  ♦ 
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5  w  » 
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TABU  65 

April  B?.    '80. 

▲0S9OBB 

2>1-  on/ 800 

|B  Man-  Cur-  r«o-  om/sao  en/avo/Tplt  Femes 

I.  tram     Solution  Toltige  rent  tlon  Teap»  Bnblile  Otmoae  Ogmoee l^ility 

8  Shielfi- 

neit     I/IOOOO  ^  ^ 

8(8.689         £088       £89.0     5-6       ♦  85*  4.6m.B.  0.353     IE. 8  z  10**  1*70 

"         "     CuUo)8     "         O"*       4  •       9     •  »     0.T88     85.1  x  •         0.89 

■  "     K28O4         "         O**  i»yn«     0.814     88.1  X  •         0.87 
"         •     ££0204       "         0*4  -S""     0.887     30.6  x  •         0.65 

j       *  "     ICaP04         »  0  ♦       4  »•       4.6''  "  0.744  85.7  x  •  0.66 

•  •     HtgCit       •»  0*4  US""  0.860  89.7  x  •»  1.00 

"  "     J^feCCH)-"  0  t       ♦  "       4     n  «  0.860  89.7  x  •  0.68 

■  SolTent           "  04+  ••4IIII  o.615  17.8  x  •»  0.83 
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April  24,    *eO. 


tABLI  66 


AOBTOn 


Dl-  em/860 

ta  M«i-  Ctir-  reo-  em/seo  om/«eo/volt  Permea 

u  brane  Soltitlon    Voltage  rent  tlon  gf  p«  BtLbT)l»  Ogmoae  Oemoee tJllty 

6  !kick.H/ld6dO ^ ^ 


nesa 
8A8-569 

"  «aI03       S89.0 
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se' 
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•  jorog 
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l.b 
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♦ 
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•Crrio)^         " 
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11 

Ptffe     * 
SolTent           " 

0^ 
0* 

4 

6     m.m.  0.409  14.1  x  10 

8     "  "  0.498  17.0  X  • 

4.6"  "  0.198  6.8  X  • 

4.6'»   "  0.123  4.2  X  " 

8     "  "  0.430  14.8  X  • 

6  •"  •  1.796  62.1  X  • 

8     •  "  1.088  37.3  X  • 

6.7"  "  0.610  17.6  X  " 
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0.69 
0.62 
0.73 
0.61 
0.64 
0.74 
0.73 
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lAlLB  67 

April  28,    'eO. 

AOBfOBB 

01-  em/800 

Mtm-                                        Ctir-  700-                            om/oot  om/ooo/volt  formoo 
brano     ypl^^iga  ▼oltogo  rent  tlon  Toap*  Btibtlo  Oemooo  Oomooo bility 

4.6m.m.  0.363     12.t  z  10*^  1.70 

6  •*  "     1.239     42.8  x  "         0.76 

8  ■  ■  1.123  38.8  X  "  1.29 
6.6"  »•  0.919  31.8  X  •»  0.94 
4.6"  •»  1.203  41.6  X  "  0.64 

9  "  "  0.843  29.1  X  "  0.74 

7  •   "  0.703  24.3  x  •  0.78 

8  "   "  0.609  17.6  x  "  2.42 
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ZiBLB  66 

M17  18,  *eo. 

AlCn.     ALOODQL 

i                                                             91-  om/8«b 

|di  Ktm-                                       CvX"  r««-                            om/8«o  om/see/volt  F«rm«t 
i«  tfttt    iolutlon  Yolt«£»  rent  tlon  T»mp»  Btibbl8  Oemosa  Oemoee bllltr 

i  ihiok-iyioooo 

S&S-689  "  I«I03       623.0  0  -  £6^  4.6m.m.  0.E34  3.T  x  10~*  0«90 

•         •  DIO3              "  0  -  "  4,6"  "  0.E04  3.B  x  "  O.fiS 

■         "  Ci(IOg)g     "  0  -  "  ▼.6"  "  0.131  fi.O  X  "  0,B» 

"  BaClOg^g     "  0  -  ^  e.O"  "  0,096  1.6  x  "  0.80 


N 

"         "  ^1(103)3     "  0.6     -  ••       6     "  "     0.163     2.6  x  "  0.29 

'^  CrUo)^       "  0         -  "       4.6"   "     0.063     1.0  X  "  0.36 

'<  If(lc).  *  0         -  "       6.6"  "     0.044     0.6  x  "  0.36 
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HBU  70 

VISfiOBBHaBHl 

loi-  Ctor*  roe-  om/eoe  an/soo/TOltPermoa 

brant    Solution    Yoltoif  ront  tlon  twMp»  Bntl)l»  Oemoed  Ownof  blllty 

t  fhiok.  ]f/10666  ^ ^ ^ 

ltS.689  "  ^         66e.O       0  ♦       86  6.6n.n.  0.967  17.4  z  10*^  0.57 

•  OO^  •  0  •►  "  6.6"  ••  1.986  34.6  X  •  0.68 
"  Ct«0g)g  "  0  4  •  3  •  "  0.966  17.3  x  "  0.66 
•»  Bo(IOj)g       ■           0           4         "  6.6"  "     0.641  11.6  x  •»         0«64 

•  11(103)3       "  0  4  It  3     -  n     1,444  £4,3  3c  n         0,45 


"  0rUc)3  "04"  4.6"  "  0.666  12.3  x  "  0.66 

•»  U(Ao).  "  0  4         •  6     "  "  0.640  11.6  x  "  0.68 

Puro       • 

•olvont  •     0     4    "  6  •  "  0.786  13.0  x  "  0.68 
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TABU  Tl 

Jtm*  «,    'SO. 

HITBOBBaZBSB 

Bi-  ott/««e 

!!](•■•                                    Ottr-  r«o-  ott/soo  on/aoo/volt  P«rmea- 

^  1>ran»  Solution  Yoltanf  rmt  tlon  Tamp»  gubbla  Oamosa  Oamose bllity 

I  !hlck-I/l6066 ^ 

MM                                                                                            0  -4 

818.689  «  KCI8         660*0       0         •»         £6  6.6m.B.   2.6E9  46.6  z  10       0»$t 

"        "  OuUo)g       "            0         4            •  4     •  w     0.478  8.6  x  "         0.63 

"        "  K£B04            •            0          ♦            •  4.6''  •»     0.646  11.6  x  •         0.61 

"        ■  SfiC£04         "           0         ♦           •  3     »  «     0.6T8  10.4  x  "         0.66 

"        "  I8P04           "           0         ♦           -awn     i.ooft  18, 1  X  *         0.61 

"        "  lAgOit          "            0          4            •»  4     •»  «t     0.796  14.3  X  •»         0.68 

"        "  K^foCCDg  •            0          ♦            •  6     "  "     0.868  16.6  x  "         0.68 

•        SolTont           '           0         ♦           ■  6     •»  •»     0.726  13.0  x  "         0.68 
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TABU  7e 

im9  14,    *»0. 
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Htm-                                       Ciir-  r«o-                            om/seo  om/seo/volt  f«m«t 

brant  Solution    Yolt«g»  rent  tlon  Temp*  Bubble  08moe«  Osmose blllty 

n«B8                                                                        .  . 

kS.689  •  £C«S           841.0       7.0       -     £6.5  4     m.m.  0.973  115.6  X  lO'*'  1.60 

"         '•CuUo)^            "            1.0       -       •  6.6"   "     0.684  81.3  x  "          1.87 

"         "22804                "            0            ♦       "  4     It  If     O.IBO  14.2  X  ••          1.42 

"         "I^£C2^4              *            1.0        ♦       "  6     "  "     0.169  20       x  "         1.66 

"        "K3PO4               "           0           ♦       "  6     H  •♦     0.096  11.2  X  "         1.67 

"         "BsgCit              "            1.0        ♦        "  6     "  "     0.081  9.6  x  "          1.87 

*         "IC.FetCJDg       "            1-          4       "  6     "  w     0.099  11.7  X  "         1.67 

"    Solvent      "     0     4   "  3.5"  "  0.083   9.3  x  "    1.60 
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:0      M      _.   ■»      n    lOR      i'q    a   «■   ta^v 
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4          •♦  7     "  "  0.160  16.7  X  "  0.86 

•  4     •»  "  1.522  159.6  x  "  0.86 
"  6     "  "  0.265  27.7  x  "  0.93 

♦  "  6     "  "  0.269  27.1  X  "  0.86 
»•  6.6"  "  0.266  26.8  x  "  0.93 

•  6.6"   "  0.693  62.1  x  "  1.00 
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TABIS  76 
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Si-  em/8«o 

I  MtBo  Cur-  r«o-  om/8«e  om/sao/rolt  P«ra«t 

trine  jolution  Yolt««e  r»nt  tion  Twip«  Bubble  Ogmoee  Oanoee billty 

6  fhlokl/i0d6d 

S&8-589*  KCI8         964.0       2.0       -  £6  4.6m.m.  0.396     41.4  x  10       0.61 

•  CtiUo)j       "           1.©       ♦  •»  6     "  »     0.173     18.1  X  "         0.88 

»  KgSO^           "           0.6       4  "  4.6"  "     0.168     17.6  x  •»         0.86 

•C£C£04           "            1.0       4  «  6     "   "     0.336     36.1  x  "         0.83 

"KfiPO^             "           1.0       4  "  6     "  •     0.610     63.9  x  •»         0.96 


"legClt  »  0.6  4  n  ff  n  n  ©.£71  £8.4  X  "  0.90 

"l^^feCCJDfi  •  1.0  4  "  4  "  •»  o.6fi8  66.3  x  "  0.83 
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TABLB  76 


J11I7  6.    *20. 

n-BUHTL  ALCOHOL 


TTEIeW7IS5(Rr 


Si.  om/sao 

I  loi-  Our-  r«o-  om/8«e  om/see/yolt  P«rm««< 

I  brtae  £oXytlon  Yolt«g»  rant  tlop  T«np»  Bnttla  Oamoee  Ogmoae  hility 

6*6m.B«  0*358  S7.5  z  10'  0*53 

4.5"  "  0.464  46.6  z  "  0.64 

3  ••  "  0.868  B8.0  z  •  0.60 

4  ••  "  0.168  16.6  z  "  0.64 
4  •»  "  0.268  £8.0  z  "  0.60 
4  "  "  0.247  26.8  x  »•  0.68 
6.6"  "  0.117  12.2  z  "  0.61 
6     "  »  0.188  19.7  z  ••  0.67 
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lABLB  TT 


n-BTITIL  ALCOHOL 


Dl-  om/8«o 

IB  Mmi-  Ctor-  rao-  om/eeo  om/tao/rolt  P«rm«« 
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8oB«  vary  Intarestlng  thlngt  ««r«  notad  dnrlng  thasa  rtma. 
It  will  ba  eaan  that  tha  flow  is  not  always  in  tha  sama  diraetion 
with  tha  snhstanaas  dissolvad  as  with  tha  ptura  solvant*  fnrthar, 
tha  flow  is  sonatinas  graatar  and  sonatinas  lass  with  the  sens  typa 
of  BOluta*  for  azanpla,  Tahla  64  shows  naarly  all  having  a  slowar 
rata,  szoapt  for  Or  and  V   salts,  vhila  in  Tahla  66  all  nanlfast 
a  fastar  rata  than  tha  ptora  aoatona*  fhis  is  also  avldant  in  othar 
tablas.  latila  69  holds  fairly  mtHl   for  tha  valanea  mla,  axoapt  for' 
tha  'biralant  cation,  as  doas  Table  76.  Honeyer,  in  nost  oases  there 
is  no  ssoh  generalisation  possible*  lor  oan  differanees  in  per- 
aaability  explain  these  restilts* 

Ynrther,  the  ssna  eat ion  or  anion  has  not  tha  sane  ef- 
faot  vpon  the  endosnose  in  different  solvents.  She  presenoe  of 
Tarious  salts  in  organic  solvents  has  a  great  effect  upon  the 
electrolysis  products.  Unlike  water  these  solvents  enter  into 
ehenieal  conbination  with  a  grsst  nsny  salts*  Both  of  these 
effects  vctild  produce  ions  of  a  nattire  not  siridended  by  the  salts 
ued*  These  ions  nay  possess  a  high  or  low  adsorptive  factor*  The 
substances  produced  thus  nay  act  upon  the  nenbrane  itself,  so  there 
is  a  nnltiplioity  of  factors  of  vhioh  only  a  few  oan  be  studied* 

THB  BFraCT  py  YAHYIHO  THB  COHCEJTBiTIOH  Og  THE  SALT 

Xg  SOLUTXOH 
Ssrlier  workers  with  water  solutions  found  a  nazinun 
endosnose  effect  at  a  definite  oonoentration  of  the  dissolved 

9fi 
salt*  Loeb  ,  in  his  very  recent  investigation,  noted  this  same 

96.  Loo.  eit. 
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•ffett  In  Itoth  elMtrio  and  **fttt«  oamosl*"*  In  an  i]npul>ll«h«d 
thealB  written  aome  fotir  yaars  ago  tha  author  mada  the  atatmaant 
that  any  aolntlon  idian  auffielantly  dilute  would  give  posltira 
andoamoaa  (toward  tha  oathoda).  This  work  was  all  with  water* 
It  •eaoa  neoeaaary  to  qualify  thia  atatement  to  say  that  any 
aolution  if  auffioiently  dilute  will  flow,  under  a  potential 
gradient,  in  the  direotlon  exhibited  by  the  pure  aolvent* 

To  teat  thia  atatement  oonoentration  runa  were  made  with 
eaoh  aolrent*  That  aalt  was  aeleoted  idiioh  had  the  higheat  aolu- 
hility  is  the  solvent  in  question*  A  l/lOO  solution  waa  mada 
and  auooessiTely  diluted  to  l/lOOO,  H/IOOOO,  l/lOOOOO,  and  l/lOOOOOO* 
These  were  than  run  keeping  other  faotora  oonatant*  Like  the  aoid-r 
alkali  runs  the  least  oonoentratad  wtfs  used  first  «ith^  for  eaoh 
ohange».  Pemeahility  runs  did  not  show  this  s 

disturbing  faotor* 

The  results  are  shown  in  the  following  table a  and 
ouTTas  where  the  rate  of  andoamoaa  is  plotted  againat  the 
oonoentration  of  the  salt* 

Table  78  is  for  aoetone-f  CaCSOji)^*  Table  79  for  aoatOBO 
•••la  10^,  Table  80  for  amyl  aloohol-i-SXilS,  Table  81  for  nitrobensene 
+  Ca(IOg)g.  Table  e£  for  pyridine  ^-CaCBOg)^,  Table  63  for  bensal- 
dehyda^KOBS.  and  Table  84  for  n-butyl  aloohol -i>0a(I03)2. 
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IZl 
A   striking  sliDllarity  is  sesn  in  the  erarBB^   all  but 
benssldshyde  (whioh  was  ftonbtlees  due  to  oxidation  effeete) 
exhibiting  a  maxianm*  Also  in  every  case  where  the  endosmose 
with  the  aalt  in  solution  gave  a  reverse  flow  to  that  of  the 
pure  solvent  (IPables  f6,  88  and  83)  at  very  low  o  one  ent  rat  ions 
this  beeame  regular  again.  The  point  where  the  ourve  orosses  the 
sero  line  represents  the  isoeleetrio  point  of  no  flow  for  that 
psrtioular  salt  in  a  partioular  solution  with  the  partloular  mem* 
brane  used  and  under  the  oonditions  of  working.  At  suoh  a  oon- 
oentration  there  are  Just  enough  adsorbed  ions  present  to  neu-» 
tralite  the  eontaot  oharge  on  the  membrane. 

In  many  eases  the  ourrent  ran  up  pretty  high  in  the 
more  oonoentrated  solutions,  but  no  eleotro lysis  ef foots  were 
noted  during  the  time  of  flow.  A  oomparison  of  these  ourves 
with  the  aoid^  alkali  ourves  shows  that  they  have  this  same 
maximtui  and  at  approximately  the  same  oonoentratlon# 

gfflS  BggBCT  Qg  APDBP  WATBH 
Beoeuse  all  readings  were  taken  with  the  apparatus  in 
a  water  bath,  with  the  oansequent  possibility  of  water  leaking 
in,  and  though  the  substanoes  used  were  as  nearly  anhydrous  as 
possible,  it  seemed  advisable  to  make  a  series  of  runs  with 
varying  peroentages  of  water  added.  Suoh  experiments  were 
oarried^out,  first  noting  the  effeot  upon  the  pure  solvent  and 
then  upon  the  solvent  oontalnlng  a  dissolved  salt.  Water  was 
not  sufflolently  misoible  nvlth  nltrobensene  or  bensaldehyde  to 
permit  of  suoh  measurements.  Bvery  attempt  was  made  to  keep 
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Other  factors  constant*  Uarkod  boating  offoctB  wore  noted  when 
Baking  the  higher  oonoentrated  eolntions  of  water  in  acetone  and 
PTridine*  It  was  also  fonnd  difficult  under  these  conditions  to 
remoTe  all  the  air  bnblilea  from  the  membrane*  She  combination  of 
water  and  nom  aqueona  solution  seemed  to  hold  these  tiny  air 
bubbles  rery  tenaaionsly*  Repeated  soaking  and  rinsing  was  neces- 
sary in  oTery  ease  and  this  also  applied  to  the  higher  concentra- 
tions of  water  in  amyl  and  n-bntyl  alcohols* 

The  resnlts  obtained  are  shown  in  the  following  tables 
and  onrres*  7or  the  cnrTos,  rate  of  endosmose  is  plotted  against 
percentage  of  water  added* 
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Table  65  and  ita  ouTTa  are  for  pure  acetone  and  Table  86 
for  ao^tone  containing  l/lOOOO  la  BO^.     The  curTea  are  Tery  aimilar 
at  low  0  one  antra  tiona,  there  being  a  gradnal  decreaae  in  the  rate 
of  andoamoae  with  an  Inereaae  in  water  content*  But  while  the 
endoBMoae  with  ptare  water  la  leaa  than  aoetone.A^^'^^'^'AOOOO 
*IaMO|^  ia  amch  greater  eren  than  the  aame  oonoentratlon  in  aoetone* 
k   change  in  7180081  ty  dne  to  added  water  would  explain  the  firat 
but  oartainly  other  factora  are  effeetlTC  in  the  aecond  ca8e# 
Hare,  as  in  all  the  other  caaea,  the  firat  qnantltiea  of  added 
water  manifeat  the  greateat  effecta* 

Pure  amyl  alcohol  la  shown  in  Table  87  and  amyl  alcohol 
>V/lOOOO  lalOj  in  Table  88*  Aa  thia  aolvent  la  not  Tory  mlacible 
with  watert  only  low  percentagea  of  water  could  be  tried#  The 
data  for  pure  water  ia  added  for  comparlaon  though  a  curve  drawn 
above  8)(  haa  no  meaning*  Ihile  both  aolTent  and  solution  gave 
negative  endoamoaa^  a  amall  percentage  of  water  reversed  the  flow* 
If  the  behavior  of  pure  ainyld.cohol  waa  due  to  occluded  adid^  aa 
at  firat  thought^  the  water  would  not  tend  to  reverae^  as  H  iona 
would  affect  it  in  the  aame  direction* 

With  pyridine t  Table  89^  there  ia  a  gradtMl  inereaae  of 
flow  with  increaaing  water  content »  which  might  again  be  explained 
by  viscoaity  changea*  But  with  pyridine -t-l/lOOOO  £013  (Table  90) » 
where  the  endoamoae  is  negative,  added  water  decreased  the  flow 
through  lero  and  then  manifeatad  an  inereaae  of  poaitive  endoamoae 
up  to  that  of  pure  water  4-B/lOOOO  dJIS*  There  ia  evidently  ahown 
here  a  difference  in  the  relative  adaorption  of  the  ions  in  water 
and  pyridine* 
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B-Butyl  aloohol,  Talil*  91,  for  the  ptore  solTent,  and 
Talila  98  for  the  solTont -*- l/lOOOO  KOIS,  is  quite  like  that  for  aayl 
aloohol  and  is  explained  in  the  same  Banner. 

HPM8  01  OBGiMIC  S0!LYMT3  OJ  YABYIBG  PIBLgGTRIC  COHSTAITS 

Beoause  early  writers  on  eleetrio  endoasose  foioid  many 
substances  whioh  did  not  nanifest  endosaotio  flow,  it  was  decided 
to  try  out  ssTeral  of  these  and  others.  Most  of  the  substances 
listsd  as  showing  no  noTement  were  substances  with  a  low  dielectric 
constant*  And  as  the  endosmotie  flow  was  found  to  be  nearly  pro- 
portional, directly,  to  the  applied  Teltage,  it  seemed  probable 
that  these  would  also  exhibit  suoh  effects  if  the  voltage  were 
hi^  enough.  The  substances  chosen  are  listed  in  Table  93* 

All  of  these  solvents  were  dehydrated  and  purified 
carefully  by  accepted  methods  and  final  fractional  distillation* 
Some  of  them  were  prepared  by  the  author's  students  in  organic 
chemistry*  The  formamide  was  a  purified  sample  secured  from 
Dr*  Y*  L*  Bqpson  and  the  propyl  aloohol  and  esters  were  some  that 
had  been  purified  by  Or*  J*  fi*  Uathews*  The  same  thiolcness  of 
membrane  was  used  in  each  case  but  it  will  be  seen  that  the 
permeability  rate  varied  considerably,  doubtless  affecting  the 
rate  of  endooBOtio  flow*  ?ormamide  was  too  good  a  conductor  to 
aecure  a  reading  without  harming  the  battery  system* 

Those  of  low  dielectric  constant  (Landolt,  BSmstein) 
did  show  a  slow  rate,  but  if  we  accept  that  for  the  membrane 
(cellulose)  as  S*6,  Ooehn's  rule   does  not  hold  in  every  case 

99*  Loc*  cit* 
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eTan  for  tha  pure  solTent*  There  for  a «  though  the  dleleotrio 
oonatant  ratio  undotibtedly  has  a  hearing  upon  the  magnitude  of 
the  flow»  the  direction  la  jrohahly  determined  hj   other  faotora 
whldh  are  muoh  more  Importamt* 
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TABLB  93 
May  87  and  Jtui«  9,    *£0* 
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THBOHBTICAL  DI30USSIOH 

Whan  an  attempt  is  made  to  assemble  all  the  faotors 
sffsftiTe  in  eleotrio  endosmose,  one  finds  it  possible  only  to 
consider  those  of  greatest  importanoe^  We  have  here  a  membrane 
in  oontaot  with  a  eolxition  and,  dturing  the  flow«  this  solution 
also  passing  through  the  pores  of  the  membrane*  Eenoet  sny  thing 
which  will  alter  the  membrane ,  the  solution t  the  conditions  caus* 
ing  the  flow,  or  the  condition  at  the  surface  of  contact  of  the 
solution  and  membrane,  will  affect  the  rate  at  which  it  will  pass 
through  such  membrane*  The  variation  of  push  or  pull  would  be 
measured  by  the  voltage  change* 

l^rj  early  in  the  study  of  this  phenomenon,  it  was  seen 
(Introduotion)  that  the  conditions  at  the  contact  of  membrane  and 

solution  had  much  to  do  with  it*  Any  solid  medium  in  contact  with 

100 
a  liquid  medium  was  fotuid  by  Quinclce  and  Helmholts    to  possess 

at  its  surface  of  contact  an  electrical  double  layer  established 

merely  by  such  contact*  Later,  Coehn    noted  that  this  charge 

seemed  to  be  directly  related  to  the  dielectric  constant  ratio 

of  the  two  media,  the  substance  having  the  higher  dielectric 

constant  beating  the  positive  charge*  Uany  exceptions  were  found 

to  this  rule  especially  in  the  case  where  electrolytes  were 

present*  This  was  explained  rightly  by  Freundlich  and  Bancroft 

on  the  basis  of  adsorption*  Any  surface  will  tend  to  adsorb  both 

100.  Loc.  cit* 

101*  Loc.  cit* 

10£*  Loc.  cit* 
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the  solTent  «nd  the  subetanoee  in  solution*  If  the  moleoule  was 
adsorbed  it  should  have  no  effeet,^^^  hut  if  the  ion,  it  would 
inorease  or  deoreaee  the  oharge  on  the  memhrane  depending  upon 
whieh  ion  was  adsorbed  most  and  what  the  original  oharge  on  the 
membrane  was#  As  praotioally  all  previous  work  was  done  with 
water  solutions,  where  most  membranes  bear  a  negative  dharge, 
the  flow  would  be  inoreased  or  deoreased  depending  upon  whether 
the  anion  or  oation  was  adsorbed  most* 

The  amount  of  adsorption  is  determined  by  the  nature  of 
the  membrane  surfaoe^^^  whieh  manifests  a  preferential  or  relative 
adsorption  for  the  various  ions  in  solution*  It  is  this  whloh 
determines  the  amount  of  charge  and  hence  the  rate  of  flow^ 
There  is  no  question  as  to  the  very  important  effect  of  ion 
adsorption  upon  the  already  charged  membrane*  But  there  seems 
as  yet  no  adequate  explanation  as  to  how  the  membrane  acquires 
this  original  charge..   Brlggs,    following  Tiftundlieh  and  Ban- 
croft, said  that  it  was  purely  an  adsorption  phenomenon*  The 
effective  charge  was  produced  by  the  ionization  of  the  water  with 
subsequent  preferential  adsorption  of  the  OB  ion  and  tke  solution 
of  the  membrane  whloh  ml£|it  also  produce  highly  adscrbed  ions* 
In  the  light  of  the  work  on  non  aqueous  solvent eu  it  oan  be  seen 
how  the  very  low  ionixation,  coincident  with  a  low  dielectric 
constant,  might  produce  few  ions  and  a  small  charge  on  the  memfirane* 

103*  Loo*  oit* 

104*  Loc*  oit* 

105*  Loc*  cit# 
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lA  many  ofises  the  affects  were  greater  in  the  nonaqnaotuB  eolvent 
than  in  water*  But  the  direction  as  shown  by  amyl  alcohol,  n-hntyl 
alcohol  and  nany  substances  in  Table  93  does  not  oo^nform  to  Ooehn's 
rnla.  Bven  this  might  be  explained  by  the  production  of  a 
preferentially  highly  adsorbed  ion,  in  these  cases  a  positive  ion 
which  would  produce  a  positive  charge  on  the  membrane* 

However,  such  assumptions  do  not  seem  necessary  in  the 
light  of  Langmuir*s  work'''^^  on  thin  films*  Organic  substances 
as  well  as  water  can  be  considered  as  possessing  pol^r  qtialities* 
When  these  molecules  are  adsorbed  at  the  surface  of  the  membrane, 
t)ii8  including  the  inner  siirface  of  the  pores,  they  become  oriented 
and  thus  produce  the  charge  on  the  membrane.  This  orientation 
depends  both  upon  the  solvent  and  the  membrane,  as  the  molecules 
of  a  solvent  may  orient  themselves  differently  at  the  surface 
of  contact  with  different  membranes*  She  quantity  of  charge 
would  depend  upon  the  amount  of  adsorption,  as  in  the  former 
theory  of  Briggs*  The  solution  in  the  immediate  vicinity  would 
possess  an  opposite  charge  and  hence  the  establishment  of  a 
potential  gradient  would  cause  migration  of  the  movable  medium* 
Adsorbable  ions  in  solution  would  have  the  same  effect  upon  the 
charged  membrane*  further »  most  solvents  arrange  themselves  at 
the  surface  of  contact  in  such  a  way  as  to  comply  with  Coehn's 
dielectric  constant  ratio  rule,  but  many  do  not.  Ho  present 
objection  is  seen  to  such  a  supposition  and  it  is  submitted  with 
such  proof  as  is  here  outlined  and  with  the  idea  of  continuing 
this  study  in  the  near  future* 

106*  Lang  muir^s  Papers.  J*  Am.  Chem*  See*,  38,1860;  1917* 
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Xat  ti8  eonsider  tha  dat«  as  glyen  in  this  paper*  It 
ahonld  ba  notad  at  the  otitaet  that  water  la  a  tmlqtie  anhatanoe  and 
that  theories  relating  thereto  nnst  often  he  nodi  fled  liefore 
applioation  to  non  aqtteons  solyents*  While  most  stthstanoes  are 
fairly  soluble  in  water,  many  exhibit  complete  insolubility  in 
organic  solvents*  ftorthermore,  if  they  do  go  into  solution,  they 
may  have  absolutely  no  effect  upon  the  current  as  shown  with  prac«- 
tically  every  solvent  used*  This  might  mean  either  chemical  re* 
action  or  that  they  were  atill  in  the  molecular  condition  to  a 
large  extent*  But  these  same  substancea  did  affect  the  endoamotic 
flow  either  due  to  selective  adaorption  of  the  r^rj  few  ions 
produced  or  to  an  adaorption  of  the  molecule  itaelf  with  oonseqnent 
orientation*  Also  there  is  a  possibility  of  the  production  of  a 
variety  of  aubatances,  moatly  oxidation  products,  by  the  electro* 
lysis  of  the  organic  substances*  A  very  small  amount,  which  might 
be  greatly  enhanced  by  a  aalt  in  solution,  mi^t  giVe  a  aubatance 
wholly  different  in  its  effect  during  endosmotic  flow*  (Hote  the 
curves  for  continuous  runs  Tables  S  to  8)*  ?or  example:  an  alcohol 
would  tend  to  produce  an  acid,  which  might  in  part  explain  the 

behavior  of  amyl  and  n-butyl  alcohols  were  it  not  for  the  fact 

107  106 

that  methyl    and  ethyl    alcohols  were  perfectly  regular* 

Let  us  recall  the  accepted  formulae  for  electric  endos- 
Bose  flow:   (T  ^  \tfff  )#  «*  discussed  in  the  introduction*  There 
la  no  factor  in  this  equation  which  might  be  considered  as  meaaur* 
lag  the  permeability  of  the  membrane  used*  Tables  9  to  £7  include 

107*  Bandouin,  Loo*  oit* 

106*  Barrett  and  Harris*  Loo*   cit* 
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135" 
one  of  the  most  Important  vontrlbntions  in  this  paper*  learly  all 
the  vark  on  eleetrio  endosmoae  has  %een  earried  ottt  on  the  suppo- 
sition that  the  thiekness  of  the  meahrane  had  no  effeet  and  this 
was  expressly  ass4>ted  hy  Bethe  and  Toropoffr^'  ^vlneke    did 

say,  "the  smaller  the  pore,  the  greater  the  eadosmose."  hnt  with 

111 
Wiedemann    oonolnded  that  "the  flow  is  independent  of  the  area 

or  thiokness  of  the  porous  wall."  The  extreme,  regularity  of  the 
ourTos  shows  that  this  is  a  factor  whioh  oannot  he  negleeted* 
It  might  be  suggested  that,  as  the  adsorption  curve  of  concentra- 
tion is  parabolic  In  form,  this  might  partially  eiqslain  the  rela- 
tionship between  permeability  and  rate  of  endosmose*  As  the  mem- 
brane particles  increase  in  concentration  in  contact  with  the 
solution,  the  effects  would  tend  to  increase  up  to  a  maximum 
and  then  decrease  as  the  adsorption  effect  does  with  increasing 
concentration  of  adsorbed  substances.  HowoTcr,  the  fact  remains 
that  permeability  is  a  factor,  whateTer  it  measures,  which  must 
be  taken  into  account  in  all  endosmotlo  readings*  Also,  the 
uniformity  would  be  greater  with  membranes  possessing  the  same 
permeability,  other  factors  being  equal*  This  might  account  for 
aeme  of  the  peculiar  phenomena  of  "fjree  osmosis"*  Ihether  this 
factor  should  be  included  in  the  equation  is  a  matter  not  yet  settled* 

Tables  £6  to  41  show  that  it  is  possible  to  dxgolicate 
conditions  by  the  use  of  similar  membranes  of  filter  paper  to 
such  an  extent  that  the  endosmose  rate  is  duplicated*  This  greatly 
increases  the  possibility  of  rapid  determination  of  endosmotlo 

109*  Loc.  oit* 

110*  Loc.  cit* 

111*  Loo.  cit* 
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■eastorementB*  Sh«  dlffietLLty  not«d  in  the  oase  of  water  might  he 
due  to  the  ohanged  sorfaoe  of  the  Bemhrane  and  henoe  its  changed 
adBorhing  pover.  All  the  non  aqneons  solTonta  seened  to  hare  a 
hardening,  stiffening  effeot  npon  the  paper  making  it  very  easy  to 
handle  without  ehanging  its  textture,  hut  water  left  the  papers  rery 
80ft  and  easily  hroken.  Also  when  pressed  to  remove  the  air  those 

in  water  must  have  ehanged  materially.  It  has  been  shown  hy 

112 
Bancroft    that  the  surface  oonditioa  largely  determines  the  ad- 
sorbing power  of  any  solid  medium* 

If  the  endosmose  is  directly  proportional  to  the  applied 
voltage ,  as  the  equation  asserts,  then  the  curves  of  endosmose 
against  voltage  should  he  straight  lines.  Briggs^^'  found  in 
water  a  slight  exowssive  increase  at  high  voltage,  hut  he  only 
worked  t^   to  5S0  volts.  Curves  (Tables  4£->50)  show  that,  with 
both  water  and  non  aqueous  solutions,  this  inorease  becomes  even 
greater  at  higher  voltages.   It  becomes  so  great  in  fact  that 
the  curve  can  no  longer  be  regarded  as  a  straight  line.  This 
may  be  partially  explained  by  electrolysis  effeots  at  high  voltage 
and  partially  by  the  decrease  shown  in  the  continuous  run  experi- 
ments listed  in  Tables  S  to  8.  However,  this  does  not  change  the 
fact  that  the  curve  is  not  a  straight  line  and  that  through  wide 
ranges  of  voltage,  as  here  measured,  the  endosmotic  flow  is  not  a 
linear  function  of  the  applied  voltage. 

The  acid-alkali  curves  (ffsbles  61-66)  show  the  same 
maximum  as  the  oonoentration  ourves  at  about  the  same  oonoentra- 

11£.  Loo.  o£  t. 
113.  Loo.  cit. 
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tlon  of  aolTitioii*  In  «at«r  aolntione  sold  generally  glTet  nega- 
tive endosmoset  unlesB  extremely  dilute,  and  alkalies  give  posl- 
tlre  endoamose  due  to  the  adsorption  respeotirely  of  the  E  and  OH 
ions.  Tl^is  was  not  true  in  Brery  ease  with  non  aqueous  solutions 
and  in  some  cases  the  ftnoreased  oonoentration  inereased  the  flow 
to  the  oathode.  (Ta1>les  61,  5e,  65,  66).  The  alkali  inereased 
the  eethode  flow  in  every  oase  exeept  for  the  stated  naxiaum* 
This  dissrspanoy  with  the  sold  ean  only  Ite  explained  hy  a  ohemioal 
reaotion  Itetween  the  aoid  used  and  the  solvent,  or  a  differenoe  in 
adsorption  in  non  aqueous  media  of  the  1  ion.  Chemioal  aetion 
might  produoe  an  ion  ov   a  mol4eule  less  effective  or  opposite  in 
its  effeets  to  that  of  the  fl  Hon. 

The  eurvesof  endosmose  against  temperature  (Tables  67-63) 
show  that,  as  Briggs    has  stated,  the  endosmose  is  not  direotly 
proportional  to  the  fluidity  but  inoreases  slightly  less  rapidly. 
Cruse    thought  that  there  was  a  maximum  endosmose  at  a  definite 
temperature,  hut  no  eiridenee  of  suoh  was  obtained,  except  in  the 
oase  of  acetone  where  the  decrease  was  clearly  due  to  the  formation 
of  bubbles  in  the  membrane  and  measuring  tube. 

Probably  the  effect  of  the  addition  of  certain  salts  has 
been  the  hardest  to  explain.  This  effect  was  noted  in  Tables  64-77. 
Is  solution  was  often  very  difficult,  i 

-•..  vv  -■.."''■  vri,  the 

results  were  doubtless  in  many  cases  purelymolecular*     further » 
this  molecular  effect  might  be  one  of  solvation,   an  effect  which 

114.  Loc.   oit« 

116.  Fhys.  Zsitschr.,  6,  £01  (1906). 
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with  etur  present  lcnowl«dg«  is  lBipo88il)l«  to  pr«diot*  Host  of  the 
results  in  these  tabbies  oan  be  explsineA  on  the  theory  of  selee- 
tiTS  adsorption  hut,  if  so,  another  assumption  must  follow  as  a 
logical  oonolusion*  That  is:  the  amount  of  adsorption  and  the 
relative  adsorption  varies  with  the  medium  in  whioh  the  salt  is 
dissolved.  The  order  of  adsorption  of  ions  has  been  carefully 
worked  out  in  water^^^  hut  the  results  ^iven  here  show  it  is  not 
the  same  in  other  solvents*  Tahle  64  shows  Al  less  sdsorbed  than 
Oa  and  Tahle  68  the  reverse*  Tahle  78  shows  la,  ordinarily  only 
slightly  adsorhed,  having  a  greater  effect  than  Oa*  In  fact,  the 
tables  are  full  of  such  apparent  irregularities*  The  effect  might 
he  due  to  a  chemical  reaction  between  the  salt  and  the  organic 
substance*  This  would  doubtless  explain  several  instances,  the 
new  substance  formed  producing  a  highly  adsorbed  ion  whioh  deter- 
mines the  direction  and  amount  of  endosmotio  flow*  All  attenqpts 
to  apply  a  valency  rule  similar  to  that  ittth  water,  that  the 
effect  increases  with  increasing  valence,  were  unsuooessfal,  except 
in  one  or  two  cases  cited  in  the  earlier  discussion  of  this  same 

topic*  lor  was  there  found  to  exist  any  such  relationship  as 

117 
that  suggested  by  Holmes,    that  the  endosmose  varies  as  the 

telocity  of  the  cation  divided  by  the  valence*  The  conditions 

in  organic  solvents  are  certainly  different  from  those  in  water* 

When  the  onnoentration  was  changed  the  results  shown  in 

Tables  78-64  are  obtained*  This  same  type  of  curve  wes  noted  in 

the  so id  alkali  runs*  This  maximum  in  the  curve  is  prodtoed  by  the 

116*  Hof  -leister  Series* 
117.  Loo*  cit* 
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faot  that  at  high  oono  ant  rat  ions,  muoh  mora  evident  here  than  with 
water,  the  salt  ia  doiilttleas  largely  in  a  molecular  oondltlon.  Aa 
l&e  8ul>atanee  ia  diluted,  ions  are  produoed  in  larger  quantitfea, 
which  being  preferentially  adsorhed  tend  to  increase  the  effects, 
low,  when  the  solution  waa  diluted  further  and  the  ions  became 
less  numerous,  less  of  this  adsorption  effect  was  evident  and  more 
of  the  effect  produoed  by  the  pure  solvent  in  contact  with  the  mem- 
brane.  This  would  account  for  the  reversal  through  sere  of  the 
curves:  lablea  TS,  8S,  83*  This  maxiiaum  seemed  to  come  at  about 
the  same  concentration,  l/lOOOO,  in  each  case  showing  that  these 
salts  at  least  were  probably  completely  dissociated  at  this  dilu- 
tion. Should  further  study  show  that  this  maximum  varies,  it 
would  indicate  the  necessity  of  comparing  salt  solutions «  not  of 
the  same  concentration  but  of  maximum  flow  regardless  of  the  con- 
oentrstiOB*  Barrett  and  Harris^^®  and  Loeb    more  recently 
have  noted  this  same  maximum  condition  in  endosmose  and  the  latter 
in  '*free  osmosis**.  It  should  be  recalled  again  that  the  adsorption^ 
concentration  curve  is  parabolic,  which  would  also  assist  in  ]^o- 
duoing  this  type  of  curve ,  ^r  as  the  concentration  of  the  salt 
increases,  its  adsorption  increases  to  a  maximum,  thus  producing 
this  maximum  effect  which  might  or  might  not  coincide  with  the 
effect  just  discussed. 

The  curves  for  Tables  85-9£  illustrate  the  effect  of 
adding  water  to  the  solvent.  The  equation  shows  endosmose  inversely 
proportional  to  the  viscosity  coefficient.  Acetone  has  a  much  lower 

118.  Loc.   cit. 

119.  Loc.   cit. 
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Ti8008it7  than  water;  so  low  that  it  aanifaetad  little  friotion 
in  the  measiiring  tube  and  memhrane*  This  wotad  partially  explain 
the  cnrve  for  Tahle  65*  Ttorther,  acetone  and  water  are  not  •qnally 
adsorhed  and  each  would  tend  to  have  its  own  effect  and,  as  that 
of  water  is  the  greater,  a  snail  anonnt  wonld  oanse  at  first  a 
large  change  in  endosmose  ratSi.  HowoTer,  after  a  salt  is  added 
the  relative  adsorption  of  the  ions  must  also  he  considered.  The 
IO3  ions  are  adsorbed  most  in  the  water  and  hence,  above  a  certain 
concentration,  the  curve  showed  a  decided  increase  of  endosmose 
rata.  But  in  the  acetone  the  Ha  is  more  highly  adsorbed  as  shown 
in  the  run  on  dissolved  salts  (Tables  64  and  66).  These  factors 
work  against  each  other  and  account  for  the  nature  of  the  curve 
in  this  ease* 

In  the  curves  for  amyl  alcohol  and  also  for  n-butyl 
alcohol  the  effect  is  probably  largely  due  to  changes  taking 
place  at  the  membrane*  In  this  case  the  alcohols  produce  a 
positive  charge  on  the  membrane  and  water  a  negative  charge, 
ihen  water  is  added,  it,  being  much  more  highly  adsorbed,  mani- 
fests its  effects  and  causes  reversal  of  flow  at  a  very  low  con- 
centration. When  the  salt  is  added  the  results  are  the  same  and 
hence  the  IO3  ion  is  preferentially  adsorbed  in  both  media. 

With  pyridine  (Table  89),  as  the  viscosity  deereased 
and  the  adsorption  of  water  increased,  the  rste  gradually  in- 
creased* In  Table  90  the  conditions  of  amyl  alcohol  were  re- 
peated, except  that  here,  as  the  membrane  in  pyridine  was  originally 
charged  negatively,  the  K   ion  of  ECUS  must  have  been  most  highly 
adsorbed;  while  in  water  it  was  the  CHS  ion*  This  caused  the  re- 
versal and  passage  through  sero  when  water  was  added. 
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Th«  •qxMtlon  giv«n  indieates  the  andoamoee  as  direotly 
proportional  to  the  dialeotrlo  oonstant*  This  is  quite  well  shown 
in  Table  93  and  the  previons  rims  on  the  solvents  Mtadied.  The 
dieleotrio  oonstant  for  water  is  given  as  ahont  60;^^^  anyl  alco- 
hol aa  10-30;  aoetone»  S0*7-33*8;  nitrobensene,  34-42;  pyridine, 
12*4;  bensaldehyde,  14-17;  and  n-butyl  aloohol  as  16*  While 
nltrobens#n#  ahotLld  than  glTa  a  graatar  andosmosa  than  aoatona^  it 
doas  not  1)aoau8a  of  ita  graatar  risooslty  and  lowar  adaorptlra 
faotor*  In  avary  oeaa  of  orgahio  aolvanta  tha  mambrana  ramalnad 
firm  and  hard  in  tha  aolvant.  whila  in  watar^  and  to  a  laas  aztant 
in  pyridina,  it  haoama  soft  and  difficult  to  handla*  further^  soma 
of  tha  suhstancaa  had  a  muoh  lesa  affinity  for  tha  glass,  a 
faotor  not  dna  to  yisooaity  or  proportional  to  it,  and  thus  an 
additional  faotor  in  a f footing  tha  flow  through  tha  hubhla  tuba* 
All  of  thasa  must  ba  takan  into  aooount  in  oomparing  dialaotrio 
constant  af facts  as  thay  are  factors  not  duplioabla*  If  this 
dialaotrio  constant  ratio  is  datermined  by  an  adsorption  affect 
it  must  largely  depend  upon  tha  nature  of  the  membrane  surface* 

If  endosmotic  flow  is  determined  by  the  adsorption  and 
consequent  orientation  of  the  solyent  molecules,  largely  affected 
by  the  adsorption  of  substances  present  in  solution,  we  must  con* 
alder  the  total  effect  as  due  to  all  these  adsorbed  substances* 
Both  of  the  ions  of  a  substance  must  be  adsorbed  in  Tsrying  amounts 
and  each  must  have  its  effect*  When  the  potential  difference  is 

•pplied  the  movable  liquid  will  be  directed  through  by  the  contact 
120*  Landolt,  Bornstein* 
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ohtrge,  tha  oatlon  adsorbed  and  tha  anion  adaorbad*  Tha  true  flow 
than  Hill  ba  tha  algahralo  stun  of  snoh  flow  in  toth  directions  as 
dttermined  hy  the  relative  adsorption  of  the  ptrtioular  ions  and 
the  interfaoial  charge  of  tha  mamhrane  end  soltition,  other  factors 
being  equal* 

in  all  prohahility  tha  apparatus  need  in  these  experiments^ 
because  the  current  was  reyersed  eyery  few  seconds,  would  eliminate 
ion  mobility  effects*  But  in  the  light  of  Bartell'a^*''^  and  Loeb»s^" 
work  on  "ftree  osmosis**  there  must  be  some  relationship  existing* 
Ions  moving  at  different  rates  are  bound  to  produce  in  the  capil- 
laries an  orientation  of  charges  on  opposite  ends  of  the  pores, 
and  though  this  would  be  reversed  with  the  current,  it  must  during 
the  small  interval  of  time  have  an  effect  upon  the  endosmotic  flow* 

There  is  p:  esent  in  most  papers  on  electric  endosmose 

*  1S3 

acme  reference  to  solvation  effects*  The  recent  work  by  Remy 

has  made  it  seem  even  more  plausible*  As  the  solution  moves  more 

or  less  rapidly  through  the  membrane,  the  ions  are  at  the  same  time 

wiping  toward  the  electrodes,  and  the  question  as  to  whether  or 

not  such  ions  are  aolvated  bectoes  one  of  important  consideration* 

This  is  directly  connected  with  the  transport  rata  of  the  ions, 

the  slower  ions  being  more  solvated  and  carrying  a  greater  amount 

of  solvent  than  the  more  rapid  ones*  This  effect  would  also  tend 

to  be  neutraliied  by  tha  reversal  of  current  but  must  manifest  its 

small  effect  during  the  run*   Such  a  solvation  affect  might  even  be 

1£1*  Loc*  iit* 
12£*  Loc*  cit* 
123*  Loc*  cit* 
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n«ea  to  explain  some  of  the  onrvee*   If  the  Ion  is  slightly  80l«» 
▼eted  and  the  moleonlee  highly  eo^  then  an  inorease  in  oonoentra- 
tion  would  first  deorease  and  then  inorease  the  flow*  This  prohlem 
vill  be  studied  further  using  Remy's  method* 

STJMMABY  AM)  COlfCLUSIOJS  JOB  PABT  I 
In  this  paper  the  author  has  given  a  oomprehensive 
reTi#w  of  all  the  preyions  work  pertaining  to  eleotrio  endosmose* 

Sxperiments  meastiring  endosmotio  flow  have  been  conduoted 
with  water  and  six  typioal  organio  solvent s»  using  a  modified 
Briggs'««Nismometer**  which  has  been  desoribed  in  detail* 

A  sonroe  of  high  voltage  a\iailable  for  non  aqneons 
solvents  has  been  described* 

A  more  comprehensive  theory  for  the  production  of  the 
contact  charge  has  been  proposed* 

The  following  conclusions  were  reached* 
1*  The  permeability  of  the  membrane  is  an  important 
faotor  in  determining  endosmotio  effects* 

£*  It  is  possible  to  duplicate  membranes  of  filter 
paper  when  using  non  aqueous  solvents* 

3*  The  endosmose  rate  is  not  a  linear  ftaiction  of  the 
applied  voltage  when  considered  over  a  wide  range  but  increases 
r<  ptpidly  ^^*^   the  voltage* 

4*  The  effect  of  acid  and  alkali  can  be  explained  on 
the  assumption  of  adsorption^  making  due  allowance  for  concen- 
tration and  the  possibility  of  chemical  change* 
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b.  Brlggs*  results  as  to  temperattire  affaot  with  water 
hare  bean  oonfirmad  with  non  aqueous  solTents* 

6.  Tile  valence  rule  does  not  hold  nith  the  non  aqueous 
solutions  studied  but  this  may  be  partially  due  to  ohemioal  action* 

7*  The  order  of  adsorption  of  ions  and  their  relative 
adsorption  varies  with  the  solvent* 

6*  The  oonoentration  curve  exhibits  a  mazimum  with  non 
aqueous  solutions  at  about  l/lOOOO  and  at  low  concentrations  the 
flon  is  in  the  sane  direction  as  that  of  the  pure  solvent* 

9*  The  addition  of  water  to  non  aqueous  solutions  changes 
the  endosmose  in  the  direction  it  would  manifest  with  pure  water , 
the  first  additions  showing  the  greatest  effects* 

10*  The  direction  of  endosmose  is  not  determined  by  the 
dielectric  constant  ratio  though  this  probably  does  measure  the 
magnitude  of  flow* 

This  work  is  being  continued  with  a  greater  variety  of 
organic  solvents* 
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.  BLBCIJEtIO     BBBOSMOSB     Part  II. 
ftffthar  8ttidi68  on  non  aqtieotis  solvants* 
An  adaorption  oriantation  thaory* 
Soma  Mathamatioal  oonoeptiona* 
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Additional  oradit  is  due  Profaeeor  H*  W«  Mtroh, 
who  assisted  the  author  in  the  mathematioal  con- 
oeptiona  presented  in  this  part  of  the  paper* 
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IgTRODUGTIQg 

In  Part  I  of  this  paper  thera  has  bean  presented  a  long 
llBt  of  experinental  data  on  phenomena  direetly  affecting  the  rate 
of  electric  endosmose  flow.  This  nork  nas  carried  out  with  organic 
solTents*  Al though  some  of  the  conclusions  nere  the  same  as  for 
water,  many  were  in  direct  variance  with  those  of  former  investi- 
gators* A  new  theory  for  the  development  of  the  contact  potential 
was  suggested.  It  is  the  purpose  of  this  section  of  the  paper  to 
present  additional  evidence  for  the  former  statements,  using  three 
more  non  aqueous  solvents*  Also  to  dran  inferences  from  a  new 
series  of  runs  using  the  anions  and  cations  of  the  Hof  meister 
aeries  and  to  present  e  discussion  of  the  more  firmly  established 
adsorption,  orientation  theory,  considered  firom  the  standpoint  of 
the  thermodynamic  and  electrostatic  environment  at  the  surface  of 

contact  of  the  solvent  and  memhrane*  Some  mathematical  concep- 
tions which  hfive  grown  out  of  these  experiments  are  also  presented^ 

APPABATP8 
The  apparatus  used  was  the  same  as  that  employed  in  the 
previous  wort*  The  hattery  system  had  been  standing  unused  since 
the  early  part  of  July*.  The  total  available  c*  m*  f*  had  dropped 
from   954*0  volts  to  929*0  volts  by  Sept*  STth*  On  Oct*  ISth  this 
had  fallen  to  980  volts*  Only  in  two  cases  had  the  batteries  shown 
signs  of  deterioration*  This  was  doubtless  caused  by  moisture  being 
absorbed  through  small  openings  in  the  sealing  wax  cover  due  to  too 
high  temperature  when  soldering* 
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fhrae  nan  solvents  were  used  in  this  wort:  fturfural, 
isapropyl  aloohol,  and  o*nitrotolnene* 

The  furfural  nas  Bastman's  product  Io«  140*  It  was 
quits  dart  when  it  was  received  hut  heoame  a  light  yellon  upon 
distillstion*  It  rapidly  darkened  to  the  original  color  upon  ex* 
posure  to  the  air  during  the  run*  Its  hailing  point  was  161«8^« 

She  isopropyl  alcohol  was  Eastman's  product  So.   £12*  It 
contained  a  slight  trace  of  water  and  was  redistilled  after  standing 
over  anhydrous  CuSO^  for  several  days*  Its  hoiling  point  was 
81.6^  •  82*6^* 

The  o*nitro  toluene  was  Bastman^s  prod  tat  So.   193* 
It  was  redistilled  and  had  a  hoiling  point  of  S17.6^  -  EIB.O^* 

The  succinic  acid*  sodium  hydroxide  and  salts  used  for 
cation  and  anion  effect  were  the  same  samples  formerly  pturified* 
The  salts  used  for  the  **Hof  leister  Series**  runs  were  the  purest 
ohtsinable  and  were  merely  dtied  and  kept  in  weighing  bottles 
in  a  desiccator*  The  same  grade  of  filter  paper  (Schleicher  and 
Sohtll  Ho*  669)  was  used* 

To  mate  these  results  easily  comparable  with  the  former^ 
the  same  order  is  employed  in  their  presentation* 

BiPBaiMmraAL 

A  long  continuous  run  was  made  with  each  solvent  to 
determine  the  number  of  runs  necessary  for  an  average  effect* 
These  results  are  shown  in  Table  1  and  its  accompanying  curve  for 
furfaral;  Table  £  for  isopropyl  alcohol;  and  Table  3  for  o^nitro-* 
toluene* 
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ZABLB  1 
3«pt.    S9.    *80. 

Voltage  T60.0         Otxrrant  1*0         Tamp*   85^         Bulitla  4  m«m* 
Solution  -  forfnral  Mambrana  (6  Zhioknaas  S&S  He.  569) 

Oaaosa    -f   aeo  for  10  on. 


18  3  4  6 

66.0  64.0  60.5  61.0  60.8 

6  T  8  9  10 

60.8  49.0  49.0  49.0  49.8 

11  12  13  14  16 

49.6  60.0  49.6  49.0  49.4 

16  17  18  19  80 

49.0  48.6  46.6  47.0  46.0 


S       1  8  3  4  5 

66.0  54.0  53.8  68.5  51.8 

6  7  8  9  10 

68.0  61.0  60.4  60.8  61.0 

11  1£  13  14  16 

60.0  60.6  50.0  50.0  60.0 

16  17  18  19  80 

60.0  49.6  46.6  48.0  48.5 


nsut  Z 

Get.   6,    '80. 

Toltaga  -  659.0         CiUTent  1.0  4  Temp.  86^         Bnbble  6  m.m. 

Solution  -  iaopropyl  alcohol  Mtfabrane  (4  Thioknesa  S&S-Ho.  589) 

Oamo  aa     -¥    aeo  for  10  om. 


18  3  4  6 

14.6  13.0  13.8  13.6  14.0 

6  7  8  9  10 

14.0  15.0  16.0  16.8  16.0 

11  18  13  14  16 

16.8  16.5  16.5  16.6  16.8 

16  17  18  19  80 

16.6  17.0  17.0  17.8  17.8 


B       1  2  3  4  5 

13.0  18.6  18.0  12.5  18.5 

6  7  8  9  10 

13.0  13.8  13.8  13.0  14.5 

11  12  13  14  16 

14.6  16.0  16.0  16.0  IE.  6 

16  17  18  19  80 

16.0  16.6  16.0  16.0  17.0 
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TABLB  a 
Oet.   13,    '£0. 

Teltage  660.0         Cnrr«nt  0  T«inp*   £5^       Bubble  5.6  a.m. 

Solution  -  o-Bitrotoluone  Memlirano   (6  Thlolmess  S&S  JSo*  689) 

Otmoso  -f  800  for  10  om. 


1&346B12346 

S3.0     23.0     2£.0     £1.4  19.8  23.0     22.6     £1.8     20.0  19.0 

6789  10  6789  10 

19.0     18.0     17.6     17.4  17.0  18.0     17.8     l7.4     17.0  17.0 

11    1£    13    14  16  11    12    13    14  16 

16.2  16.0  16.6  16.0  16.6  16.6  16.6  16.8  16.6  16.0 

16    17    18    19  £0  16    17    18    19  20 

16.6  16.0  16.0  14.6  14.4  16.6  16.6  16.6  16.0  16.4 
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Isopropyl  aloohol  reached  •  mazintun  rata  vary  quiokly 
ao  that  it  naa  only  neoaaaary  to  average  the  flrat  few  rtui8«  7ha 
fflaxijatiii  with  o-nitrotolnana  oame  at  about  the  twentieth  rtm 
while  fnrfnral  aeemed  to  gain  oontinnally.  This  oontinnouB 
inorease  with  forforal  was  douhtlesa  due  to  oxidation  and 
eleotrolysiB  effeota*  The  auhatanoe  is  very  muoh  like  henaal- 
dehyde  in  its  properties  though  the  latter  reached  a  ina±imum 
after  l)ut  a  very  few  ktms.  These  ourves  served  as  a  criterion 
for  the  nuinl)er  of  runs  necessary  to  obtain  an  average  rate* 

aunrecT  oj  CHAjyoB  o?  PBrnouBiLiix 

The  permeahility  of  the  memhrane  was  changed  hy  varying 
the  thickness*  The  results  obtained  by  plotting  rate  of  endosmose 
againat  rate  of  permeability,  for  a  particular  membrane,  are  shown 
in  curves;  Table  4  for  farfural.  Table  6  for  isopropyl  alcohol, 
and  Table  6  for  o-nitrotoluene« 
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S«pt.   26,    *80. 


TABLB  4 


fttrftiral     tb     813     Paper     Ho.   689. 


760.0 

m 

m 


s.o    * 

"         4 
"  4 


86^     6     m.o.  0.196     £6.0  z  lO'     2.08 


Dl-  om/see 

M«B->     Soln-                 Ctir-  reo-  om/see  em/seo/volt  Permea- 

trana  tlon  Yoltaga  rant  tlon  gamp.  8x11)1)16  Oemoaa  OeaoBe bllity 

Thick-ftop- 
nass  fxural 
2 

4 

8 
12 
16 


"  6  "  »  0.198  26.4  X  " 

•  4.6"  "  0.200  26.6  x  " 

"  3  "  "  0.208  27.7  x  " 

"  6.6"  "  0.194  26.8  x  " 


1.16 
0.67 
0.63 
0.34 


IABI.B  6 

Oet.  6.  '80. 

laopropyl  Aloohol  ra   8S8  Papar  Jfo.  689 

Si-  om/8«e 

Man*  Sol-a-        Cur-  rao-  on/eae  om/sao/yolt  Parmaa- 

trana  tlon  Yoltaga  rant  tlon  Tamp.  Bnbltla  Oamoea  Ogmoea blllty 

Thiok-  lao- 


nasa  propyl 
2  Alcohol  869.0  1.0- 


4 

-  6 

UB 
6 

12 

1 


m 


It 

n 


4 


26' 
If 

IT 


6     m.n.  0.348  40.6  x  10 

4.5"  "  0.669  66.2  x  " 

6  "  "  0.640  62.8  x  " 

7  "  "  0.362  69.6  x  " 
4  "  "  0.342  39.8  x  " 
7     "  "  0.299  34.8  x  " 


-6 


0.83 
0.60 
0.42 
0.S3 
0.26 
1.60 
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lABLB  6 

Oot.    13.    'SO. 

0-IitrotolTien«  tb  S&8  Paper  No.   589 

Sri  om/B«o 

Item-  Cnr-  r«o-  om/seo  om/seo/volt  Permiia- 

l)r«n»  Solution  Voltage  rant  tlon  Temp.  Bubtla  Oamoaa  Oemoae Mlity 

hick-  6-Mitro- ^ 

ness  toluene  e 

8      "       650.0   0    ♦    £5^  4  m.m.  0.464  54.5  z  lO'  £.66 

4  "  ••04"6"'»  0.529  6£.£  x  "  1.80 

6  "  "            0*            ngnn  0.654  76.9  x  "  0.70 

8  *  "            0*            itgif«  0.Z6Z  41.5  X  "  0.5£ 

18  "  •            04            ii5it«  0.£97  34.9  x  "  0.44 

1  "  "            0*            ir4iin  o.£6£  30.8  x  "  5.00 
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We  have  exactly  the  aaraa  type  of  otirTes  as  in  the  pre- 
vlons  work.  So  striking  a  regularity  cannot  be  mere  coincidence. 
A  mathematicsl  discnssion  will  be  presented  for  these  cnrves* 

DUPLIOATIOI 
Dnplioation  rans  were  also  made  on  these  solvents, 
keeping  all  factors  as  nearly  constant  as  possible.  These 
showed  about  the  same  degree  of  regularity  as  did  the  previous 
six  solvents.  The  variation  may  be  partly  due  to  differences 
in  permeability  but  largely  to  a  slight  difference  in  the  environ- 
ment at  the  surface  of  cpntact  of  the  membrane  and  solvent. 
Table  7  gives  the  results  using  furfural.  Table  8  for  Isopropyl 
alcohol^  and  Table  9  for  e-nitrotoluene. 
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S«pt.    £8.    '20. 

Txurfural  ts  SltS  Paper  So*  589. 

Dl-  om/860 

Men-  Otir-  reo>  om/sao     om/eeo/volt  Parmea 

'brana  Solution  Voltage  rent  tlon  Temp.  Bn'b'bla  OemoBa     Oemoaa blllty 

fhlok-  fnrfnral 


nesa 
6 

If 

760. 

0 

1.0 

♦ 

26° 

6  m.m.  O.SOl 

26.8  X  10' 

■6 

0.83 

6 

« 

» 

1.0 

4 

ff 

3  "  "  0.202 

26.9  X  " 

0.87 

6 

m 

ft 

1.0 

♦ 

• 

6  "  "  0.204 

27.2  X  " 

1.00 

6 

w 

It 

1.0 

•♦ 

It 

4  "  "  0.204 

27.2  X  " 

1.03 

TABLB  8 
Oct.   6.    *20. 

laopropyl  Aloohol  va  S&3  Paper  Ho.   669 

JJ-—  om/aeo 

Mea-  Gttr-  ree-  om/Bao  om/seo/volt  Permea- 

"brana  Solntl on  Voltage  rent  tlon  Temp.  Bubble  Oanoae  OamoBe blllty 

hick-  laopropyl 

nesa       Aloohol  . 

4  "  869.0     1.0*     •♦       26°       6.6m.m.  0.630     73.3  x  10'°  0.66 

4'  "  "         1.0*     4  "  6.6"  "     0.707     82.2  x  •»         0.60 

4  "  "         1.0*     ♦  •♦         6     "  "     0.717     83.4  x  "         0.60 

4  •  •»         1.04     4  "         6     "  "     0.720     83.8  x  «         0.71 


TABLE  9 
Oat.  13.    "20. 


0-5itro  Tolnene  va  S&S  Paper  Ho.  689 


I  Han- 
brana  Solution 

Cur- 
Voltage  rent 

di- 
rec- 
tion Temp. 

cm/sec 
cm/Bee  om/sec/volt  Permea- 
Bubble  Oamoae  Oamoae     bility 

Thielc-  0-9itro 
neaa  tolnene 
6      " 

860.0  .  0 

4   26° 

4  m.m.  0.660  77.6  x  10"^  0.86 

6      " 

"     0 

4      " 

6   "  ••  0.664  76.9  x  "    0.89 

6       " 

»     0 

4      • 

6   "  "  0.649   76.3  x  "    0.90 

6       - 

«     0 

4  ,          It 

6.6n  ff  0.666  4L.7,^Goo^eee 
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BFyaoT  oy  yahyihg  thb  applibp  potbhtiaIi 

In  the  prerlotis  work  it  was  not  possible  to  seoure  a 
linsar  function  relationship  hetneen  applied  potential  and  rate 
of  sndosmose*  Thinking  this  might  he  dne  to  a  falling  off  of 
the  eleetromotire  force  of  the  hatteries,  readings  were  taken 
only  after  a  careful  checking  up  of  the  system*  This  was  repeated 
several  times  during  the  ran  and  at  the  end*  hnt  showed  no 
measnraVle  rariation*  The  results  obtained  trom  readings  taken  on 
e  single  membrane  and  solTsnt  were  quite  comparable  with  the  ear* 
Her  studies*  Table  10  and  its  curve  are  for  ftoforal^  Table  11 
for  isopropyl  alcohol,  and  Table  1£  for  e-nitro  toluene*  Both 
Isopvopyl  alcohol  and  o-nitro  tQltiene  exhibited  a  slight  piling 
up  when  applying  high  voltages*  There  will  be  presented  a 
mathematical  correction  to  the  equation  for  electric  endosmose 
which  represents  this  variation  from  a  linear  function^ 
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TABUS  10 


Sept.   te.    '80. 


furftural 


P«rmo8bllitjs^l*00  ob/boo 


Ann  lUm- 

lo.  %r«n« 

Solu- 
tion 

Voltage 

Cur- 
rent 

reo- 
tion 

Tenv. 

Bublil6 

om/eee 
Oamoae 

om/seo/rolt 
Oamoae 

&  fiilok-  ftir- 
n«8t     fnral 
1  Slk8-589       " 

669.0 

6.6 

* 

u' 

6  D.n. 

0.198 

83.0  X  lO"^ 

B          *» 

m 

760,0 

6.0 

♦ 

m 

m 

0.188 

84.8  X  " 

3          ■ 

w 

640.0 

4.0 

4 

n 

n 

0.161 

86.1  X  ■ 

4          ■ 

n 

634.0 

3.6 

♦ 

•f 

m 

0.186 

85.4  X  • 

6          " 

« 

4£6.0 

3.0 

♦ 

If 

m 

0.107 

86.1  X  " 

6          • 

n 

318.0 

2.6 

4 

« 

w 

0.077 

24.8  X  • 

7          " 

H 

£10.0 

1.6 

♦ 

m 

It 

0.046 

88.8  X  « 

8          » 

It 

104.0 

1.0 

4 

If 

It 

0.082 

81.1  X  " 

lABLS  11 


Cot.  6.  '80. 

laopropjl  Aleohol 


Permeability  s  0.48  om/seo 


Run  Mem- 
Bo.  brane 

Solution 

Voltage 

Cur- 
rent 

1)1- 

tion 

Tenp. 

Bubble 

om/sec 
Oemo  86 

om/aec/volt 
Carooae 

6  Thiok-Iaopropjl 
neaa    Aloohol 
1  S&S-689         " 

989.0 

1.6 

4 

86» 

6     Slellle 

0*609 

66.6  X  10"^ 

2         • 

m 

869.0 

1.0 

4 

•V 

-  m 

0.540 

62.8  X  • 

3         ••• 

n 

760.0 

1.0 

4 

If 

If 

0e424 

56.6  X  " 

4         " 

m 

640.0 

1.0 

4 

If 

w 

0e324 

60.6  X  •» 

6         " 

m 

634.0 

0.6 

4 

If 

If 

0ee34 

43.8  X  » 

6         » 

m 

486.0 

0.6 

4 

If 

If 

08  166 

36.7  X  " 

7         " 

m 

318.0 

or 

♦ 

If 

w 

0*096 

30.1  X  • 

8  ■ 

9  It 

It 

M 

210.0 

0 

♦ 

n 

If 

If 
If 

0e064 

86.7QgIe 

Digitized  by 


Google 


154 


5ABLB 

12 
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'SO. 

0-Hltro  7oln«na 

Parmaability 

=r 

0. 

70  em/sae 

Sim  Uom- 
Jlo*   brane 

Solution  Voltego 

Otff- 
rant 

Bi- 
rao- 

tiOB 

lamp. 

Bnblila 

om/sao 
Osmoaa 

om/eao/rolt 
Oemosa 

6  Iklolc- 
net* 
1   S&S.689 

.  O-Hltro 
Toluano 

920.0 

0 

^ 

£6" 

6 

B. 

m. 

0.693 

76.3 

X 

10-e 

s       • 

• 

660.0 

0 

♦ 

n 

It 

0.664 

76.9 

z 

II 

S          " 

It 

748.0 

0 

-¥ 

n 

It 

0.634 

71.9 

z 

If 

4           •» 

» 

63E.0 

0 

♦ 

It 

It 

0.446 

70.6 
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If 

6          " 

« 

625.0 

0 

♦ 
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It 

0.362 

67.0 
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ff 

6 

It 

418.0 

0 
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n 

It 

0.263 

62.4 
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ft 
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n 

316.0 

0 
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It 

It 

0.171 

64.2 
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n 

8          " 

N 

207.0 

0 

4 

n 

n 

0.090 

43.4 
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If 

9          W 

» 

104.0 

0 
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It 

It 

0.040 

36.4 
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THB  lamuT  or  thb  ippiTiog  oy  acid  ajp  alkaii 

As  before,  auooinlo  told  and  sodium  hTdrozlde  were  used 
for  theee  tests^  The  oonoentration  was  raried  from  H/lOO  to 
l/lOOOOO*  The  oxirTea  for  furftiral  (Table  13)  and  for  o-nitro 
toluene  (Table  15)  are  perfectly  regular «   In  both  oases  the  aolA 
caused  a  gradual  deoreaae  in  rate  and  the  alkali  an  inorease,  as 
might  be  expeoted  from  aeleetire  adsorption  of  the  H  and  OH 
ipn8«  The  ourre  for  iaopropyl  alcohol  (Table  14)  exhibits  some 
peculiar  changes  rery  likely  due  to  chemical  action«  furthermore , 
this  was  the  only  solrent  which  showed  the  maximum  peculiar  to  a 
ohange  of  concentration^  This  maximum  came  at  about  l/lOOO« 
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TABLB  13 


VDBTUBiL 


Di-  om/seo 

Men-  Ctir-  reo-  om/seo  om/aoo/rolt  Permoa- 

brane  Solntion  Yoltago  rent  tlon  Temp.  Bubble  Oemose  Oamoao blllty 

Thlolc-     Stie- 

6  m.B.  0.183  £4.4  x  10~^  1.09 
6.6"  "  0.181  B4.1  X  •  1.03 
T  "  "  0.169  B£.6  X  "  1.16 
6.6"  "  0.133  17. T  X  ••  1.03 
5     "   "  0.201     26.8  X  "         0.83 

7  "  »  0.202  26.9  x  "  0.93 
4.6"  •♦  0.360  48.0  x  «  1.06 
4.5"  "  0.871  116.1  X  •»  1.11 
4     "   "  1.029   137.2  X  "  1.00 


bs-ees 

»  I/IOOOOO 

760.0 

2.0 
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26 

ft 

I/IOOOO" 

• 

2.0 
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If 

I/IOOO  • 

It 
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ft 
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i/ioo    •• 
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It 
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ft 

Sontral 
VaOH 

i/iooooo* 
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It 

1.0 
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ft 

H/lOOOO  " 

It 
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ft 
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It 

6.6 
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It 
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TABLB  14 


ISOFROPYL  ALOOHOI. 


Di-  om/«eo 

M«B-  Cut-  r«o-  om/sao  om/seo/volt  Parmea- 

^ran8  Solution  Yoltaga  rant  tlon  Tamp.  Btrl)>>la  Oamoea  OamoBe tlllty 

6.6m.m.  0.394     45.8  z  10'^  0.61 

S.S"  "  0.361     48.0  X  "         0.6B 

7     "  "  0.199     E3.1  X  "         0.60 

4     "   "  0.041       4.7  X  ••         0.67 

6     "   "  0.717     83.4  X  "         0.60 

6     "  "  0.370     43.0  X  ••         0.66 

6.5"   "  0.689     80.2  x  "         0.60 

6.6"   "  0.668     66.1  x  "         0.67 

6     "   "  0.276     3E.1  X  "         0.62 


Thlolc-     Stio- 
nass           olnlo 
b8-689  H/lOOOOO" 

869.0 

1.5 

♦ 

26« 

"          I/IOOOO  " 

N 

2.0 

♦ 

tf 

"          I/IOOO     " 

It 

2.0 

♦   ■ 

It 

"          l/lOO        " 

It 

2.6 

♦ 

W 

1 

•   "         lautral 
:■                      HaOE 
I/IOOOOO" 

It 

It 

1.0 
1.6 

II 
If 

"          H/10000  " 

It 

2.0 

•f 

If 

"          I/IOOO     " 

n 

6.6 

4 

If 

H/lOO        " 

It 

43,0 

t 

If 
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lABLB  16 


0-5ITR0  f OLUBHB 


SI-  om/sao 

M«ii-                Cur-  T90'  om/eeo  om/seo/volt  Pevmet' 

tran»  Solntlon  Yoltage  rent  tlon  T»pp.  BtCbble  Oemosa  Oemoea blllty 

Thiolc-  Suo- 


nass     olnio 


.0  .  ._    ^  .^«  .^  .   ,^-6 


»8-5e9  I/IOOOOO"  860.0  0  ♦  £6  6.6m.B.  0.600  70.6  x  10  0.9£ 

"    I/IOOOO  »♦   "  0  ♦  "  6.6"  "  0.668  66.8  x  "  0.88 

"    H/1000  "   "  O*  ♦  "  6.5"  "  0.680  61.1  x  "  0.89 

H/lOO   "   "  0.5  ♦  «  4  «  If  0.416  48.8  x  "  0.87 


It 

D 


•  "  lautral  "  0    4  n  e  «  •»  0.664  76.9  x  "  0.89 
It         Ha  OH 

"  H/lOOOOO"  "  0    4  If  6  "  "  0.738  86.1  x  "  0.96 

"  H/lOOOO  •»  ••  0.6-  4  •♦  6  ""  0.764  88.7  x  "  0.88 

"  I/IOOO  "  "  1.0-  4  "  3.5"  "  0.807  94.9  x  "  0.98 

"  Jf/100        "  "  1.0     +  If  7     «   «  i,g47  162.0  x  "  0.90 
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gggBCT  Qg  TBMPBRATURB  OHAH&B 

When  rtins  were  made  on  the  pture  solTant,  under  varying 
tempera tnre  oondltione,  keeping  other  faotore  constant »  a  smooth 
cnrTe  was  produeed  which  had  the  aame  general  shape  as  the  water 
otLTTe  and  also  as  that  ohtalned  with  other  non  aqneons  solvents* 
Table  16  is  for  furfural.  Table  17  for  isopropyl  alcohol,  and 
Table  18  for  o-nitrotolnene. 
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TABLB  16 

oot.  4.  'eo. 

fUBTUBiL 


~*~'"~~~~"~~~~~~    ~~            5il  om/aeo 

Mmi-                                      Cto*-  reo-  om/seo  om/aeo/Tolt  Pennet« 

tr«n»  Solution  Toltaga  rent  tlon  Temp*  Bttblalq  Osmosa  Osmoea Talllty 

Ihiok-     ftir- 

neaa       JEtural  n                                                    k 

,3-689         "              760.0       1.0     ♦  15.8  4.6ra.m.  0.186     £4.6  x  10~°  0.68 

•»                 "                   "            1.0     ♦  20. if  3     "   "     0.19E     £6.6  x  "          1.08 

•                 "                  »            1.0     ♦  £6.CP3     "   "     O.EOE     £6.9  x  •»         0.87 

■                 •                  «            1.0     ♦  31.lP6     "   "     0.B16     £0.6  X  >»          1.00 

"                  "                   ■            1.0     ♦  40.CP4     "   ^     0.£B7     30. £  X  "          0.96 


Oot.   8,    'SO. 


TABLS  17 


ISOPROPYL  ILCOEOK 


Pj^_  om/aeo 

Umm-  Ctur-  reo-  om/aeo  om/aeo/volt  Permea- 

brane  Solntion  Voltage  rent  tlon  Temp.  Bubble  Oamoae  Oamoae blllty 

Thiot-  laopro- 

neaa   pyl  Al-  o  _ 

bS-689  oohol    869.0   1.0  *■     16.8  6  m.n.  0.644  63.3  x  10'^  0.60 

"  "  "     1.0  ♦  £0.6°  6  "  "  0.66£  77.0  x  •»  0.66 

"  "  "     1.0  ♦  £6.0°  6  "  ••  0.717  83.4  x  "  0.60 

"  ••  "     1.0  t  £9.0°  4.6"  "  e.T68  87.6  x  "  0.61 

"  "  "1.0  t  38.6°  6  "  "  0.816  94.8  x  "  0.66 
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O-SITBO  TOIDBIB 


Dl-  oin/see 

M«M»  Otir-  reo-  om/seo  om/see/volt  Pemea- 

brana  Solntion  Voltage  rent  tlon  Tamp*  Bnbtle  Oemoee  Oamoaa blllty 

•rhioJc-6-l*itro *■ 

nasa     lotuena  .  . 

iS-689         ■  860.0       0         ♦       16.6''  4     m.m.   0.678     67.3  x  10"**  0.89 


« 


0         ♦        21.2®  6.6"  "     0.614     72.8  x  "         0.86 


"  "  0         ♦       86.0®  6     "   ••     0.664     76.9  x  "         0.89 

"  "  0  +       34.6'*.  6"   "     0.686     80.7  x  •»         0.90 

"  "  0  +       42.3°  6     "   "     0.711     83.6  x  ••         0.88 
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Google 
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I 


7p^y«   y  c/smos 


7fdf   €      6/  ^. 


^smc  se^ 


'Tfjfc    o^  Osmo  ^^ 
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THB  BCTBCT  Of  THB  APDITIQg  Of 
OMttAIJ  SALTS 

In  order  to  keop  this  nork  imlform  and  to  aoonro  oompara* 
tire  reaulta^  the  aame  aet  of  aalts  waa  ttaed*  The  original  pturpoae 
of  thia  aeriea  waa  to  determine  if  any  relationahip  eziated  between 

the  yalenoe  of  the  ion  and  the  rate  of  endoamo8e«  Ho  attoh  rule  aa 

1  fi 

that  promulgated  by  ferrin  or  by  Holmea  waa  found  applioable« 

The  reaulta  are  fownd  in  the  following  teblea:  Table  19  ahowa 

the  oation  effeet  in  furfural  and  Table  £0  the  anion  effeot*  With 

iaopropyl  aloohol  Table  SI  for  the  eation  and  Table  £S  for  the 

anion  are  giyen«  Table  S3  givea  the  reaulta  of  the  oation  effeot 

in  o-nitro  toluene  and  Table  £4  the  anion  effeot  in  the  same 

80lyent« 


1.  Comptea  Eendua.  136,  1368;  137,  613  (1903). 

Z.   Dootora  Disaertation  -  Johna*  Hopkina  Uniyer8ity« 
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ZABLB  19 

Oot.   1.    '80. 

PUB9UB4L 

Di-  om/8«o 

U.wk"                                       Ctir-  reo«  om/soo  om/see/volt  Porm«a 

bran8     Solution  Yoltage  rent  tlon  Itmx).  Bubblt  OamoBe  Osmose blllty 

Ihiolc-  ff/10000 

E6®  3.6m.B.  0.063  7.0  x  10"^  0.98 

••  4.6"  "     0.118  14.9  X  ••  l.Oa 

"  6     "   "     0.688  70.4  x  "  0.90 

•»  6     •»  "     0.116  16.4  X  "  0.96 

"  3     "   "     0.874  37.8  x  "  1.06 

"  6     "  "     0.171  88.8  X  "  0.95 

"  4.6"  "     0.031  4.1  X  "  0.88 

"  5     »»  "     0.808  86.9  x  •»  0.87 


S-689 

"SaHOg 

760.0 

8.0 

- 

it 

"nro3 

H 

8.0 

♦ 

•t 

"Ca(1103)g 

m 

4.0 

- 

If 

•BaCBOg)^ 

It 

1.6 

♦ 

m 

•AKiOgJg 

It 

3.6 

- 

m 

"CrAOg 

It 

1.6 

♦ 

r 
It 

"U  Ac . 
Ptir«  * 
Solvent 

ft 

It 

8.0 
1.0 
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TABLB  80 
Oot.   1,    '20. 

TUBFURAL 

5ri  om/seo 

Mem*                                         Ottr-  reo>  om/seo  om/soe/yolt  P«me« 

brane     Soltitlon  Voltage  rent  tlon  Temp*  Bttbtle  Osmoaa  Oemoao bllity 

Thiok-  B/16O60 


:0      A    R..   •.      nmo      iRtf.^   in'^ 


ness 

bS-689  "ECUS  760.0  6.6  <»  86''  4.6m.D.  0.118  16.7  z  10~*'  0.98 

"  "OuiCg  •  1.6  4  •»  6.6"  "  0.308  41.0  x  "  1.03 

"  "K28O4  "  2.0  ♦  "  6   "  "  0.326  43.3  x  "  0.89 

"  "^2^204  ■  3.0  ♦  »  4  n  It  0.667  88.9  x  "  0.86 

"  "KsPO^  "  2.6  *.  n  a  H  »  0.610  68.0  x  "  1.18 

"  "HlgOlt  *  2.0  ♦  w  6  If  It  0.314  41.8  x  "  0.98 

"  "K4,»e(CI)-      "  1.6  ♦  "  4.6"  ••  0.298  39.7  x  "  1.03 

Pure  ^ 

"  Solvent  "  1.0  ♦  »t  3     n  n  0.208  26.9  x  "  0.i7 
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SABLB  £1 

Oot.  7,  '80. 

ISOPROPTI.  ALCOHOL 

Di-   — —  em/ 800 
Hon-                Otir-  roo-            om/soo  cm/soo/yolt  Pormoo 

trano  Soltitlon  Ypltago  rent  tlon  Tomp.  Bul)T>lo  Oomogo  OamoBO Blllty 

5  m.m.  0.066  7.6  x  10'^  0.63 
4  "  "  0.269  30.1  X  ••  0.60 
4  "  "  0.204  23.7  x  "    0.64 

6  "  "  0.309  36.9  x  "  0.64 
6.6"  ••  0.071  8.2  X  "  0.66 
6  "  "  0.607  69.0  X  "  0.60 
6  •♦  •»  0.398  46.3  x  •♦  0.64 
6     •♦  •»     0.717  83.4  X  "         0.60 


neas 
»S-689 

1/10066 

"HOHOg 

869.0 

6.0 

♦ 

26*> 

ft 

•KHOg 

w 

3.0 

♦ 

m 

w 

"00(1103)8 

n 

4.0 

- 

ft 

If 

•Bo(lf03)g 

n 

8.0 

f 

m 

m 

•11(503)3 

• 

2.0 

*■ 

ft 

If 

•Or.Afcg 

•t 

2.0 

* 

ft 

fi 

It 

"U  Ao. 
PtOPO   * 
SolTont 

■ 

1.6 
1.0 

N 

If 
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TABLB  S£ 


ISOPBOPYL  ALCOHOL 


91-  om/see 

Mem-  Otir-  reo-  on/s^e  om/seo/volt  Permet 

brany     ^Qj-y^j-g^'^  Yoltagt  rent  tlon  T»im)»  Bubble  OemoBt  Oamoee blllty 

Thlek-  I/IOOOO 

bS-689      "KCHS           669.0  6.0  4  £6  5.6m.m.  0.fi65  30.8  z  10'^  0.63 

"             "CijAOg              *  2.0  4  *  6     "  •♦  0.376  43.7  X  "         0.60 

"             "KgaO^              "  1.6  4  "  6.6"  "  0.447  62.0  x  "         0.66 

"             ^^Z^Z^A           "  1.6  4  "  6     "   "  0.646  63.4  x  ■         0.60 

"             "K3PO4              "  1.6  4  •  6     n   "  0.681  67.6  x  "         0.60 

"             "Ba^Cit            "  1.5  4  «  g     It  «  0.633  62. 0  x  "          0.64 

"             "K4»e(C]l).      "  1.5  4  It  g     II  w  0.654  64.4  x  "         0.6£ 

Pture  ^ 

*            SolTent           "  1.0  .4  «  6     "  »♦  0.717  83.4  x  "         0.60 
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Google 
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Oot.    16,    'EO. 


XiBUB  £3 


O'-JflSfBO  lOLUBBl 


lWL-ijf!iS!^       VoltaRe  rent  tlon  g^mp.  Subtle  Oamoae  Orooae'  till" 

ness 

S-689  •  I.IO3         8^0-0  0         4  fiC*"  6.6in.m.  0.708     82.6  x  10-«  0.9E 

"  °'^3  "  0         4  •»  4     i»  It     i.67£  186.0  x  "  0.90 

•  0«(W3)8       "  0         ♦  «•  5,6"  "     0.808     96.0  x  "  0.93 

"  B«(U0g)g       "  0         ♦  "  3.6«  •»     0.738     86.8  x  "  0.88 

"  A1(I03)3       "  0.5       ♦  -  6     -  »     8.416  884.1  x  "  0.88 

"  Cr  A03  n  0         ♦  If  g     »  „     Q^^gg     33^^  ^  „  Q  gg 

p^/**4  "  Of  •  6     •  «     0.811     96.4  x  "  0.90 

aolrent  "  0         4  "  6     "  ••     0.664     76.9  x  ••  0.89 
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Google 
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Opt.   15,    *S0. 


XiBLB  S3 


Q'-HItBO  lOLUBBl 


If 


Di-  on/ 860 

I  Umm-  CvT'  reo-  om/seo  om/seo/TOlt  F«rm«t 

■  brtne     Solution  Voltage  rent  tlon  Taimp*  Bubble  OBmoiie  OBmoae bility 

n!ETeF57I55o5 

i&8*689  "  VaVOj         850.0  0  4  26  S.Sm.n.  0.70t     82.5  z  10'^  0.9£ 

"          »»  DIOj                "  0  4  •  4     «  »     1.67£  186.0  x  "         0.90 

■  OeCB^glg       "  0  ♦  "  3.6"  •♦     0.808     96.0  x  •♦         0.98 
"  B«(110g)g       "  0  ♦  "  3.6"  "     0.738     86.8  x  "         0.88 

■  11(103)3       •  0.5  ♦  If  4     n  i»     £.415  £84,1  jj  n         0,ge 

»  Cr  103           •»  0  4  ft  6     «  »     0.796     93.4  x  *         0.88 

"  U  Ac^              •»  0  4  •  5     »f  »f     0.811     96.4  x  "         0.90 

Pure     * 

Solvent             "  0  4  if  5     ft  »     0.664     76.9  x  "         0.89 
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Google 
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oet.  16,  *eo. 


TABLB  E4 


0-IIIRO  TOLUSnS 


Di-  en/ 000 

Mmi*                                        Ctir-  roo-  em/soo  om/set/Tolt  P«m«a 

brane     Solntlon  Yoltage  rant  tlon  Tiap»  Bubble  Oemoee  Ogmoiie blllty 

fkiok.M/i6666 ^ ^ 

iS-689  **  £QH8           860.0       1.0       4       £6°  6     m.m.   d.£64  96E.3  x  10  "  0.88 

•♦          •»  01  AOg            "           0.6       4          •  3     «  It  0.8E1     96.6  x  "         0.89 

•»          •  KgSO^              »•           0.6       ♦          "  6.6''  "  0.688     69.1  x  "         0.86 

•  ••  KgCgO^            *•            0            4          tf  6     "  "  0.6S6     63.0  x  "         0.88 
"          •»  XgPO^              "           0            4          •  3     «   "  0.621     73.0  x  "         0.90 

•  "  lagOlt            "           0            +          If  6     "  "  0.488     67.2  x  "         0.90 

"          "  l4»a(0I)5     ••           0.6       4          "  3     "  ••  0.670     67.0  x  "         0.90 

Ptire 

"          BolTant             "           0           4         «  6     "  ■  0.664     76.9  x  "         0.89 
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Google 
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Let  U8  note  some  of  the  speolfle  peonllarltles  and  Irregti- 
laritiea  in  these  rttns  which  might  he  greatly  mnltiplieA  hy  refer* 
ence  to  Part  I  of  this  paper*  Tables  19  (farftural)  and  £0  (iso- 
propyl  alcohol)  show  both  the  la  and  K  ions  having  a  marked  effeot 
upon  the  rate  of  endosmosSt  the  Va  effect  being  mnoh  larger*  In 
Table  £3  (o-nitro  toluene):  these  ions  did  not  seem  to  be  effective 
at  all  but  the  BO^   ion  was*  OafSOg)^  supplying  a  bivalent  cation^ 
should  show  a  greater  effeot  than  fla  or  £  and  it  did  in  foTcfural 
and  isopropyl  alcohol,  but  not  in  o-nitro  toluene*  11(1103)3 
should  give  an  even  greater  effect*  It  did  not  do  so  in  any  in- 
stance and  with  o-nitro  toluene  it  gave  the  maximum  positive 
flow  except  for  £CS8*  In  many  cases^  where  in  a  water  solution 
we  have  a  highly  adsorbed  anion  and  only  slightly  adsorbed  cation^ 
the  conditions  are  reversed  in  non  aqueous  solvents*  There  seems 
to  be  no  other  conclusion  than  that  the  adsorption  for  the  different 
ions  is  a  specific  property  of  the  solvent  used  and  further^  that 
the  combination  of  ions  in  solution  may  also  cause  variations  in 
such  adsorption*  This  will  be  shown  more  strikingly  in  a  later 
section  under  studies  on  the  Hof  meister  Seriest 
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ITS. 
THB  BlgSCT  OJ  YAHYMS  THB  COJOBJITBATIOg 
e?  THE  SAIiT  II  30LUTI0B 

Just  88  in  W8tdr«  salts  dlssolTsd  in  non  aqueotis 
iolvents  manifest  s  maximal  effeot  on  the  eleotrlo  endosmose  at 
a  definite  oonoentration.  In  the  ease  of  the  sol  Tents  prsTiotisly 
itudied  thi8  ooncentration  was  albont  N/lOOOO.  With  the  three 
iolTents  tuader  oonsi&eration  this  maximum  effect  aeemed^  to 
oome  nearer  l/lOOO«  She  most  soluble  salt  was  selected  for  each 
series.  She  resalts  are  shown  in  Tahle  £6  and  its  ctirve  for 
fnrforal,  Sahle  £6  for  isopropyl  alcohol,  and  Tahle  £7  for 
o^nitro  toluene* 
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Oot.  4.  *£0. 


7ABLB  26 


fURfUBAL 


Di>  om/8*o 

Gur-ree-  om/seo  om/sae/Tolt  P«rmM- 

tr«n»     SolTLtion  Voltage  renttlon  Temp*  Bttbtle  Oemoee  OamoBe blllty 

Thiote-     Ct(I03J2 

ness 

a- 689  I/IOOOOOO*  760.0       E.O 

"  I/IOOOOO  *»  "  E.O 

"  B/lOOOO  •»  "  3.0 

«  I/IOOO  "  "  6.0 

"  S/lOO  «  "  14.0 


♦  86®  4.6m.m.  0.B06  87.6  x  10"^  0.96 

♦  "  e.e"  "  0.189  86.8  X  "  1.00 
•t  3  It  »  0.161  21.4  X  "  0.90 
"  6  "  •»  0.387  61.6  X  "  1.08 
"  «     ♦»   «  0.183  84.4  X  ■          1.09 


Oet.   8,    '80. 


TABU  86 


IS0PR07XL  ALCOHOL 


Dl-  om/«ao 

M«m-  Cur-  reo-  om/eeo  om/eeo/TOlt  Fennea 

brana     Solution  Yoltaga  rant  tlon  Temp.  BnlaTsle  Osmose  OBCioae blllty 

Thick-     ea(W-). ^-^ ' 

86       3.6ffl.m.  0.693     69.0  x  10~     0.67 


fcS-689  I/IOOOOOO"  869.0 

1.6 

♦ 

"          I/IOOOOO  "        " 

8.0 

♦ 

"          I/IOOOO     "       " 

8.6 

- 

"          I/IOOO       "       " 

7.6 

- 

•          l/lOO          "       " 

40.0 

• 

"  6.6"  "  0.478  66.6  x  " 

"  7     •♦  "  0.808  83.6  x  •• 

»  6     "  •♦  0.884  33.0  x  " 

"  7     •»  •»  0.183  81.3  X  " 
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0-IfITBO  TOLUSBB 


91-  om/8«o 

ll«m-  Otur-  r«e-  om/see  om/see/volt  Pemea 

brainy    doltLtlon  Yoltarta  rant  tlon  Temp*  Bnlttla  OgmoB»  OemoB%  blllty 

Tblo  k-     11(103)9 
no«« 
(8-669  V/IOOOOOO**  416.0 

••  I/IOOOOO  "  " 

"  B/10000  "  " 

"  H/lOOO  "  » 

"  I/IOO  •♦  " 


0 

• 

0 

S5 

6  m.m* 

0.566  130.4  X  10'^  0.86 

0 

ft 

4  ft  If 

0.606  14E.5  X  "         0.96 

0 

m 

5    W     If 

0.911  217.9  X  «         0.66 

0 

m 

^   If    If 

1.2£8  293.7  x  "         0.86 

1.0 

If 

*  ••  " 

0.713  170. B  X  •         0.89 

Digitized  by 


Google 


Digitized  by 


Google 


-^ 


<i" 


/^ 


##• 


^* 


'#' 


TfVi^*      ^/  Os-m^^^^ 


7?^fc    //  ^S'moS<^ 


Digitized  by 


Google 


I 

*  ( 

I 

J 


r-' 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


175" 


THB  BggBOT  OJ  ADMP  W4TaB 

laopropyl  alcohol  nas  the  only  anhatanoe  in  thia  aet 
anfflolantly  miaoible  with  water  to  permit  dilution  rtina#  She 
ourve  for  Table  £6  ahowa  the  effect  on  the  ptire  aolrent  and  Table 
89  the  effect  on  the  aolvent  containing  a  definite  concentration 
of  aalt*  Theae  onrTea  are  Intereating  ftom  the  fact  that  they 
both  contain  a  minimnm*  Thia  aame  condition  waa  obaerTed  with 
acetone  containing  S/lOOOO  Sa  HO^  but  not  with  pure  acetone# 
Thia  nay  be  partly  dne  to  chemical  action  between  the  alcohol 
and  water  and  partly  to  the  reveraal  of  adaorption  of  the  iona 
in  water  ftom  that  in  the  non  aqtteotta  aolTent#  ▲  further  expla- 
nation will  be  diacuaaed  from  the  atandpoint  of  the  "adaorption 
orientation**  theory  of  electric  endoamoae* 
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Oct.   11,    *8I>. 


ISOPROPYL  ALCOHOL 


Di-  em/sao 

Men-                                        Otur-  reo-  om/seo  om/seo/TOlt  Permet 

brane     8olTttion  Yoltege  rent  tion  g»mp«  Bnl>ble  OBmooe  OomoBe billty 
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6  m.m.  0.717  63.3  z  10  0.60 

7  "  "  0.601  68.3  X  "  0.63 
6  •»  "  0.311  36.2  X  "  0.66 
6  ••  "  0.198  83.0  X  "  0.67 
4.6"  "  0.136  15.8  X  "  0.68 
4  "  "  0.186  14.6  X  •  0.75 
6  "  »  0.589  61.6  X  "  8.00 
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ISOPROPYL  ALOOHOL-t-V/lOOOO  KOSS 
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om/seo 
Osmose 

om/seo/volt 
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om/seo 
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9hio)c>%  HgO 
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fcS-689       0 

869.0 

6.0 

4 

86« 

O  •  on  a  fli  a 

0.866 

30.8  X  10" 

^  0.63 
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Z 

II 

9.0 

+ 

19 

5.5"  " 

0.846 

87.7  X  " 

0.61 

If 

6 

It 

9.0 

t 

91 

6.5"   " 

0.173 

80.1  X  " 

0.65 

n 

10 

« 

9.0 

4 

19 

6.6"   " 

0.136 

16.8  X  " 

0.54 

■ 

86 

n 

9.0 

4 

19 

6     "  " 

0.088 

9.5  X  " 

0.68 
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50 

i 

14.0 

4 

99 

6     "   " 

0.108 

18.5  X  " 
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0.360 

48.6  X  " 
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STimiBS  OH  MB  EOF  UBIStUR  8BRIB3 

A  stTidy  of  the  effeot  of  oertaln  salts  dissolTod  in 
non  aqtieotis  solvents  did  not  lead  to  any  generalisation  oomparable 
to  that  with  water.  The  oonolnslon  was  dravn  in  Fart  I  that,  be* 
sides  the  faotor  of  the  seleotive  adsorption  of  ions,  there  mnst 
!)•  an  additional  spaoifiolty  whloh  la  datarminad  by  tha  natnra  of 
tha  aolvant  naad*  It  ivaa  fotind^  for  azampla,  in  tha  caaa  of  oar  tain 
aalts,  that  in  ona  solrant  tha  oation  and  in  tha  othar  tha  anion 
would  ha  moat  affaotiTa.  Alao,  whan  oonii daring  a  aariaa,  somatimas 
tha  ordar  would  ha  Ca  >  Ha  or  Ha>  £  and  aomatimas  Ha>Ca  or  £>  Ha, 
ato#  Thaaa  axamplaa  wara  ao  nnmarona,  aa  will  ha  aean  hy  atuding 
the  tahlaa,  that  it  oould  not  ha  mara  ooinoidanoas 

9o  throw  mora  light  Ofi  thia  quaation,  it  waa  daoidad  to 
make  a  aariaa  of  rnna  on  varioaa  aolvanta  uaing  tha  aalta  ordinarily 
amployad  in  tha  Hof  maiatar  Sariaa.  If  alactrio  andoamoaa  ia  a 
purely  adsorption  phanomanon,  aa  oonolndad  hy  Brigga,  than  it 
wonld  aeam  that  tha  ordar  of  aniona  and  oationa  ahould  ha  tha  aama 
aa  tha  original  aaries  and  further^  it  ahotdd  ha  tha  aama  in  aaoh 
aolvants  But,  if  other  faotora,  auoh  aa  tha  nature  of  tha  solvent 

and  orientation,  enter  in,  then  the  order  would  probably  not  be 

4 
the  samoe  Bethe  and  Toropoff  have  oarriad  out  inoomplate 

meaatirementa  in  water  whioh  would  indioate  that  the  Hoffteeiater 

order  holda  in  thia  aolvante  It  was  not  possible  to  make  a  aariea 

3s  J.  Phy^icjChem.  £1,  198  (1919). 

4s  Zeite  fhyas  Ohemie,  69,  637  (1916) « 
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of  water  rtms  vith  the  laattery  Bystera  nsed,  but  the  foil  owing  sol- 
Tents  were  sttidled:  aoetone,    forforal,   and  n-butyl  aloohol.     The 
latter  was  seleoted  beosuse  its  normal  endosmotio  flow  vss  negative. 

The  salts  used  for  the  anion  series  were:  K30it,  KgTartrate* 
ZgSO^.  K  lo,  Z  (a,  K  HOg,  KClOg,   KI,   KOHS,  K2CO3,   Z  Br  and  KgHPO^. 
Those  for  the  oatlon  series  nere:  LifiOs,  HaHOg,  OO3  and  Mg(]I03)£. 
H/IOOOO  solutions  were  made  up  with  the  same  preoautions  and 
teehnique  as  In  pvevlous  work*     The  results  are  giren  in  the 
following  tables:  Table  30  gives  the  effeot  of  the  anion  in 
soetone  and  Table  31  the  effeot  of  the  oation.     With  furfural. 
Table  32  shows  the  anion  effeot  and  Table  33  the  oation  effeot* 
The   results  with  o-nitro  toluene  are  given  in  Table  34  for  the 
anion  and  Table  35  for  the  oation. 
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TABLE  30 

▲CBTOJIB 


])i-  OIB/890 

Men-  Ctir-  reo-                            om/seo  om/seo/yolt  Pemea 

tran»  Soltitlon  Voltage  rent  tlon  Temp.  Bubble  OemoBe  Osmose blllty 

Tiiiok.JI/16666 

ness  ^  . 

bS-669  "  KgClt          364.0       0.5       4>  £6®  6     ra.m.   £.161  59.3  z  10'^  4.T6 

"  »  KgTartrati    "           0.5       ♦  n  6     "  "     3.0T3  84.4  x  "         4.64 

"  "  K2SO4              •»           0.6       ♦  "  7.5"   "     £.186  60.0  x  "          5.00 

"  "  K  Ao                 "            1.5        ♦  "  3     "   "      7.69£  £1L3  x  "          4.76 

"  "  K  01                "           0.5       ♦  n  2     n«     6.607  1£6.3x  «          4.34 

"  "  K  HOg              ••            6.0       ♦  It  5     n   n     0.474  13.0  x  "         4.16 

"  "  K  CI  O3          ••            6.0       ♦  "  6     •   «     0.fiO£     5.5  x  "          4.54 

"  "  K  I                  "         10.0       ♦  n  3     «   «     0,Vlb     4.8  X  "          S.84 

"  "KCI3                   "          1£.0        -  "  6      "   "     0.176     4.8  x  "          4.00 

"  "  KfiCOs              ••           0.5       ♦  "  6     "  "     3.697  98.8  x  "          5.00 

"  "  K  Br       *     6.0   ♦  "  4.5"  "  8. £76  6fi.6  x  "    4.76 

"  •  Z^SSO^            "     0.5   ♦  «  6   "  "   3.086  84.7  x  •»    4.54 
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iCBTOHB 

Di-  om/Bto 

Mtfli-                                         Otir-  rto-  om/seo  om/seo/yolt  Farmaa 

trans     Solution  Voltaif  rent  tlon  giip>  Bubl)l6  OgmoBa  OsmoBe blllty 

5hick.  il/ld660 * 


nasB 


8-689  "  LiHOg   364.0  16.0  t  S6^  3  m.B.  0.E03  6.6  z  10'^  4.16 

■  JfaHOg     "  6.0  +    "  6  "  "  0.E69  7.1  x  "    4.34 

"  K  HO3     "  4.6  ♦    «  3  H  t»  0.414  11.3  X  •    3.70 

"  BH^BOg    •  8.0  ♦    »  7  »  ti  0.106  2.9  x  "    4.00 

"  MgdlOg)^  •»  3.0  -    "  4  «  "  0.897  24.6  x  "    4.16 
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Solution 

7oltaR6 
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r«nt  tlon 

T«m;p. 

Subble 

om/seo 
Osmose 

om/seo /volt 
Osmose 

om/seo 
Pemes 
IJillty 
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25° 

6     m«m« 

0.340 

6.3  z 

10-* 

1.03 

ff 

"  ^2°lV6 

n 
1 

2.0     + 

ff 

6.6"   " 

0.344 

5.4  z 

«t 

1.06 

If 

"  f  2SO4 

It 

2.5     ♦ 

ft 

6.6"  " 

0.321 

5.0  z 

ti 

0.98 

It 

"  E  Ao 

n 

3.0     ♦ 

It 

5     It   It 

0.333 

6.2  z 

«t 

0.93 

If 

•»  K  ca 

N 

4.0     ♦ 

If 

J     It  It 

0.616 

9.7  z 

It 

1.00 
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"    KI0g 
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8.0     ♦ 

ft 

5     «   It 

0.092 

1.4  z 

It 

0.96 

If 

"      K     ClOg 

It 

3.0     ♦ 

ff 

4.6"   " 

0.146 

2.3  z 

It 

0.88 
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«  KI 

It 

7.0     * 

ft 

7     It  It 

0.196 

3.1  z 

It 

1.11 

If 

"  KCHS 

It 

11.0     ♦ 

ff 

g     It   It 

0.098 

1.5  z 

It 

1.08 

If 

"  rgCOfi 

tt 

4.0     ♦ 

ff 

4.6"  •• 

0.381 

6.0  z 

It 

1.00 

If 

"  Z  Br 

» 

10.0     ♦ 

It 

g     It   It 

0.330 

6.2  z 

It 

0.90 

If 

"  K2HPO4 

II 

4.0     t 

If 

If     ti  It 

0.311 

4.9  z 

It 

0.92 
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Di-  om/««e 

B  M«B-  Ctir-  T90~  em/seo  om/seo/TOlt  Permet' 

.  trane  Solntlon  Yolteg»  rent  tlon  T«iap«  Subtle  Oamoae  Oamoae Mllty 

Ihiok-  K/16W)0 

S&S-eed**  LiJIO^         63S.0  IS.O  -  SS  3     m.B.   0.961  6.7  z  10'^  0.96 

"        «  HaHOg              •  6.0  -  "  6     "  •»     0.066  0.8  x  "         0.89 

■        "  K  JfOg              "  6.0  ♦  "  6.6"  ••     0.110  1.7  x  "          1.01 

"        "  BH^JlOg            "  8.6  ♦  ••  4.6"   "     0.068  0.9  x  "         0.98 

"        "  Mg(I03)g       "  6.0  -  "  8     "  "     0.869  4.8  x  "          1.00 
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V-BDTYL  ALCOBOL 


Si-  om/8«e 

I  Ifom-  Ctir-  r«o-  ob/8«o  ob/ mo/volt  P«mM 

.  tr«n«     Solution  Toltage  rent  tlon  T8nT)«  Buttle  Oamoy  Oamo— tlllty 

;  41iiok-H/16(ib6 ^ ^^ 

n«8« 
UbS-6e9  "  £30it         860.0 


ft 
It 


fiS04 


"  KftSO 


•  r  Ac 

•»  £  Cl 
"  K  lOg 
"  K  CI  0 
"  KI 
"  KCHS 

"    ZgCOg 

"  K  Br 


n 


'3 


0.6 
0.6 
0.6 
1.0 
1.0 
1.6 
1.0 
2.0 
4.0 
1.0 
2.0 
0.6 


£6*^     6.6m.m.  0.302     3.6  z  10'^  0.64 


It 
It 


6     "  "  0.207  £.4  X  ••  0.60 

6     •»  •»  0.163  1.9  X  "  0.63 

6     "  "  0.268  3.0  X  "  0.64 

6.6"   ••  0.487  6.0  x  ••  0.60 

3     "  "  0.638  6.3  X  "  0.60 

6.6"   "  0.418  4.9  X  "  0.60 

6.0"  "  0.636  6.2  x  "  0.60 

4.6"   "  0.486  6.7  x  "  0.67 

4.6"   "  0.216  2.6  X  "  0.60 

6     "  "  0.664  6.6  X  "  0.61 

6.6"  "  0.221  2.69X  "  0.66 
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H-BFilL  ALCOHOL 


Di-  om/8«o 

I  Hem->                                         C-or-  reo-                             om/aao  on/seo/yolt  Peraoa 

brsna     Soltitlon  Voltage  rant  tlon  tamp.  BtibTala  Ownoee  Oemoa> tlllty 

>  Zhlok-H/lOOOO 

naas 
ft3-689  <*  LllfO, 


*•  HeVO 
If 


850.0 

I* 
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KJfOg 


4.0 
2.0 
1.5 
3.0 
1.5 


£5 
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®     6.5m.m.  0.017  0.£  x  lo'*  0.66 

5     •»  "     0.E89  3.4  X  "         0.60 

"       6.6"  "     0.627  6.2  x  "         0.67 

"        5.6"   "     0.116  1.3  X  "         0.62 

•»       6.6"  "     0.210  2.4  X  "         0.66 
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It  will  1)6  nottd  that  Bomt  of  the  endosmose  rates  are 
Tery  nearly  tjie  same,  as  for  example:  E^Clt  and  K2^4H40|^  In 
forfnral,  £  Ao  and  £  Br  in  fnrftural,  E  10^  and  ECIS  in  fnrfliral 
and  £1  and  UO^  in  n-^hntyl  aloohol*  A  alight  error  in  reading 
night  reyerae  the  order*  Ale*,  it  muat  be  aaanmed  that  the  K   ion^ 
when  oonsidering  the  cation,  muat  hare  the  same  effeet  in  every 
oaae*  It  is  doubtful  if  this  is  true  but  it  is  probably  the 
particular  combination  of  ions  which  is  effectiTC  in  producing 
the  final  restata.  for  example:  K  combined  with  HO3  vay  not 
have  the  same  effect  as  E  combined  with  01,  the  adsorption  being 
modified  by  the  presence  of  other  ions*  This  festure  will  be 
studied  at  greater  length  in  the  near  future* 

Accepting,  for  the  preaent,  the  assnmption  that  the  £ 
ion  effect  is  constsnt,  the  order  of  effect  of  the  anions  in  ace- 
tone is: 
Acetate >  01  >  OO^HPO^>  Tartrate;  Br>  S04>  Citrate >  1I03>  C10^I>OH3 

It  will  be  noted  in  Table  30  that  the  endosmose  with 
£CS8  is  negatiye*  This  would  mean,  when  considering  an  original 
positiTe  flow,  that  the  CVS  ia  the  le&at  effeotiye  ion  of  all» 
allowing  enough  adsorption  of  the  £  ion  to  reverse  the  flow*  As 
for  the  others,  those  showing  greatest  flow  would  show  greatest 
effect  of  the  adsorbed  anion*  This  rule  would  also  hold  in  the 
case  of  furfural  where  the  membrane  in  contact  with  the  pure  sol- 
Tent  also  acquires  a  negative  charge*  The  order  of  anion  effect 
in  furfural  is  as  follows:  (Table  3£) 
01>COg>Tartrate>Oitrate>Acetate>Br>S04>HP04>I>C10  >  C1B>H0  • 
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Bnt  when  He  consider  fl«l)utyl  aloohol  iih«re  the  normal 
flon  is  nogatlTe  and  hanoa,  the  memhrana  charge^ posit lye,  re- 
verse conditions  exist.  That  Ion  whioh  rednoes  the  flow  most  is 
most  effeotlve.  The  order  then  heoomes:  (Table  34) 
S04>  Tartrate;  OO3}  QBO^>  Acetate)  Citrat«i>  010^)  01>  OfiS;  VHO^)  Br 

There  will  he  noted  some  very  strllclng  resmmhlanoea 
in  the  yarions  orders  and  also  to  the  original  Hofftaeister  Series* 
Bnt  there  are  also  some  very  striking  variations  of  order  which  can 
only  he  explained  hy  assuming  a  apeeifio  effect  due  to  the  nat-are 
of  the  solvent. 

This  is  even  more  marked  when  we  consider  the  cations. 
Assuming  again,  that  the  BO3  ion  is  constant  in  effect,  the  order 
of  the  cations  in  acetone  is:  (Table  31) 

Mg  >  E  >  Ba  >  Li  >  IIH^ 
Trom  the" valence  rnle"  we  wonld  expect  Kg  to  come  first,  bnt  this 
order  is  entirely  different  from  the  accvpted  Hofftaelster  Series 
of  the  cations. 

The  order  in  furfural  (Table  33)  is: 
Ll>  Ug>  Va>  BE^>  Z 
and  in  n-butyl  alcohol  (Table  36): 

K>Ia;iIg>flH^>  Li 
These  series  eliminates  both  the  valence  rule, as  also  indicated 
in  the  study  on  various  salts,  and  the  pnre  adsorption  theory,  whieh 
would  follow  if  the  order  were  the  same  in  every  case. 
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In  Part  I  of  this  paper  It  waa  suggaatad  that  the  oharga 
on  the  membrane  might  l)e  oonaidered  as  dne  to  an  orientation  of 
the  moleoulea  of  the  aolrent  at  the  anrfaoe  of  oontaet  of  the 
membrane  and  liquid*  It  is  pnrpoaed  to  oonsider  this  theory  in 
greater  detail* 

In  1916  Langmnir  suggested  that  many  of  the  oonditions 
existing  at  the  snrfaoe  of  a  liquid,  either  in  oontaot  with  its 
own  vapor  or  with  another  liquid,  might  he  aooounted  for  hy  asaun- 
ing  an  orientation  of  the  molecules  of  the  liquid  at  its  surface* 
He  continued  this  work  in  1917  and  reached  some  yery  definite 

conclusions  regarding  such  orientation*  His  work  was  all  on 

7 
thin  films.  At  this  same  time  Harkins  and  his  co-workers 

were  making  an  elahorate  atudy  of  the  '^thermodynamic  environment** 

of  liquid  surfaces  and  reached  about  the  same  conclusions*  His 

work  Yellowed  a  paper  by  Trenkel®  who  had  developed  a  mathematical 

theory  of  the  surface  electric  double  layer  of  solid  and  liquid 

bodies# 

g 
The  work  of  Prenkel  is  extremely  illuminating*  Hillikan 

had  shown  that  the  existence  of  an  electric  double  layer  on  the 

eurface  of  metals  was  beyond  a  doubt*  The  only  question  was  as 

to  its  origin*  The  old  view  that  it  was  due  to  occluded  gases, 

6*  Met*  Chem*  Bng*  15,  468  (1916)* 

6*  J*  Am*  Ohem*  Soc*  39,  1848  (1917)* 

7*  J*  Am*  Chem*  Soc*  39,  354  (1917)* 

e*  Phil*  Hag*  33,  297  (1917) 

9*  Physics     Hev.  March,   1916*  Digitized  by  GoOgk 
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ohamloal  eotlon,  eto**  ^^^  ^o   be  abandoned  for  a  view  whioh  traoed 
the  potential  to  some  Intrlnslo  oause*   Conelderlng  the  atom  to 
oonslst  of  a  positive  nueleus  \ivith  eleotrons  rotating  ahont  it« 
he  has  shown  that  these  eleotrons  constitute  over  the  snrfaoe  of 
the  metal  a  layer  of  negative  electrifioation  with  a  corresponding 
layer  of  positive  electrification  on  the  inner  side  of  the  surface* 
This  layer  is  atomic  in  thickness  and  prevents  the  escape  of  eleo* 
trons*   Similarly  the  double  layers  must  exist  on  the  surface  of 
all  liquids  and  amorphous  solids «  whatever  their  chemical  composi- 
tion* This  being  shown  in  a  masterly  mathematical  thesis*  he 
further  considered  surface  tension  forces  as  intimately  related 
to  contact  electrification  forces*  Both  are  due  to  the  same  cause: 
an  atomic  or  molecular  electric  double  layer  enveloping  the  sur- 
face of  the  solid  and  liquid  bodies* 

Harkins   then  studied  the  total  surface  energy,  free 
surface  energy,  latent  heat  and  specific  heat  of  the  surface  of 
a  great  many  liquids  and  found  some  very  striking  regularities, 
when  consider ing^classes  of  substances*  He  concluded:  ^If  we  sup- 
pose the  structure  of  the  surface  of  a  liquid  to  be  at  first  the 
same  as  that  of  the  interior,  then  the  actual  stirface  is  always 
formed  by  the  orientation  of  the  least  active  portion  of  the 
molecule  toward  the  vapor  phase*   If  the  molecule  is  monatonic 
and  symmetrical,  then  the  orientation  will  consist  in  a  displace- 
ment of  the  electromagnetic  fields  of  the  atom*  This  molecular 
orientation  sets  up  what  is  commonly  called  a  'double  electric 
layer'  at  the  surfaces  of  liquids  and  also  of  solids** 

10*  Loo*  cit* 
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It  should  lt)0  noted  here  that  this  is  the  only  time 
Htrlclns  allndeB  to  this  phenomenon  as  oanslng  the  charge  on  a 
BOlid*  All  of  his  experimental  work  was  with  liquid  surfaoes* 
It  might  also  be  added  that  this  orientation  will  not  necessari- 
ly be  the  same  when  we  hatd  a  liquid  in  contact  with  §  solid, 
as  here  the  phenomenon  is  complicated  by  orientation  in  the 
solid  and  adsorption^ 

Harkins  found,  if  the  rule  was  applied  to  special  cases^ 
the  following  orientation  was  indicated:  ^In  water  the  H  atoms 
turn  toward  the  vapor  phase  and  the  0  atoms  toward  the  liquid# 
With  organic  para f fine  derivatives  the  CHg  groups  turn  outward 
and  the  most  active  group  such  as  BOg,  CV,  COQH,  COOM,  BH£, 
HHCHg,  COH,  CHO,  I,  OH  or  groups  which  contain  B,  8,  0,  I  or 
double  bonds  turn  toward  the  interior  of  the  liquids"  Bow  if 
ve  bring  another  surface  lilce  water  near  the  surface  of  this  li- 
quid the  free  energy  of  the  water  surface  would  decrease  in  a 
nanner   depending  primarily  upon  the  most  active  or  polar  group  in 
the  molecule  and  in  a  secondary  way  upon  the  shape  of  the  molecule* 
Phe  solubility  in  water  is  related  to  this  free  energy  decrease* 
fhe  active  groups  noted  above,  tend  to  go  into  the  water  surface 
ind  pull  into  solution  the  slightly  polar  group,  unless  this  other 
proup  is  too  long  or  too  large*  This  is  also  shown  by  the  fact 
;hat  polar  liquids  are  in  general  mutually  soluble* 

further, "the  equilibrium  value  of  the  interfacial  free 
inergy  between  miscible  liquids  is  always  sero^  but  this  must 
ihange  as  the  solubility  decreases  and  be  a  maximtim  at  the  con- 
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tiot  of  an  insoluble  membrane  and  liquid*  This  effeot  would  be 
greatest  in  the  ease  of  electric  endosmose  ivhere  such  oonditions 
exist • 

On  the  basis  of  the  recent  theory  of  the  structure  of 
the  atom  (a  positiTcly  charged  nucleus  surrounded  by  widely 
separated  negative  electrons) »  it  world  seem  plausible  to  expect 
stray  fields  of  force  and,  as  the  electrons  are  in  motion,  these 
votGLd  be  electromagnetic  in  natinre*  This  would  tend  to  cause 
orientation  of  the  molecules  throughout  a  liquid  or  solid •  How 
if  a  solid  approaches  a  liquid  in  which  it  is  soluble,  or  par* 
tially  soluble;  if  a  liquid  approaches  another  liqtiid  in  which  it 
is  entirely  or  partially  soluble;  if  a  liquid  is  merely  in  contact 
with  its  vapor  or  finally,  as  in  the  case  of  electrid  endosmose, 
if  we  have  a  liquid  in  contact  with  an  insoluble  membrane,  we  might 
expect  orientaticit:  to  be  an  important  factor  in  determining  the 
^thermodynamic  environment**  at  such  contact*  In  the  case  of  a 
large  molecule,  lite  many  of  our  organic  compounds,  different 
parts  of  the  same  molecule  might  exhibit  different  solubilities* 
As  in  electric  endosmose,  there  is  obviously  an  adsorption  factor, 
it  might  be  added  that  different  parts  of  the  molecule  might 
exhibit  different  adsorptions.   If  we  have  a  very  large  or  long 
molecule  this  might  become  quite  apparent* 

A  liquid  then,  like  a  solid, might  be  considered  as  but  a 
large  molecule  with  a  definite  arrangement  of  atoms,  according  to 
Langmuir  •  Alcohols  all  tend  to  arrange  themselves  so  that  the 
CE^  groups  are  at  the  surface*   If  we  consider  this  orientation 
phenomenon  alone  as  determining  the  charge  on  a  membrane  brought 
in  contact  with  the  solvent,  all  the  alcohols  should  establish 
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the  8ain«  charge*  Bnt  there  is  here  an  additional  foroe  of  adeorp- 
tion,  strongly  selectiTe  in  natiire*  It  asserts  itself  in  the 
oaae  of  solvents,  not  merely  hy  an  adsorption  of  ions,  \^nt   by 
adsorption  of  one  end  or  one  side  of  the  larger  «ioleoxLles#  As 
many  organic  suhstanoes  are  polar,  this  adsorption  and  orientation 
i90TG.d  establish  a  charge  on  the  snrface  of  the  membrane*  When  a 
potential  gradient  is  applied  to  the  solution,  bearing  an  opposite 
charge,  it  wonld  tend  to  migrate  through  the  membrane. 

The  nature  of  this  charge  can  generally  be  predteted 

1£ 
by  Oohen^s  rule  •  But  in  the  case  of  alcohols  and  doubtless  with 

other  series  of  compounds,  this  is  not  always  true.  If  ve  consider 

the  OH  group  of  the  alcohol  as  being  negative,  then  in  the  case  of 

methyl,  ethyl  and  isopropyl  alcohols,  the  molecule  is  adsorbed 

vith  the  OE  group  oriented  toward  the  membrane*  further,  these 

substances  are  completely  soluble  in  wster,  hence  the  OH  group  ivould 

also  tend  toward  a  water  layer*  But  n^butyl  and  amyl  alcohols^ 

which  are  not  completely  miscible  with  water,  give  negative  endos- 

fflose*  This  would  mean,  Either  that  the  orientation  is  such  that 

the  positive  end  of  the  molecule  is  adsorbed  or  that  the  molecule 

is  80  large  that  there  is  only  a  small  number  of  the  OH  groups  to 

a  large  number  of  CH3  groups*   The  OH  effect  might  be  reduced  by 

pushing  th*m  farther  apart,  thus  making  the  final  effect  apparently 

due  to  the  adsorption  of  positive  groups*  Sither  supposition 

will  explain  the  results  so  far  as  they  have  been  studied*  HencOt 

though  the  adsorption  forces  tend  to  arrange  the  molecule,  as  in 

the  lower  alcohols,  it  is  too  large  and  unwieldy  and  remains  as 

in  the  surface  of  the  solvent  in  contact  with  its  vapor* 

12*  Ified*  Ann*  64,  £87  (1696)* 
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Bonsaldehydt  gives  positive  endosmose,  henoe  its  nega* 
tive  group  is  oriented  toward  the  membrane #  With  aoetone  the  C^O 
group  is  probably  toward  the  m^nbrane*  So  eaoh  solvent  oan  be 
considered  as  presenting  suoh  an  orientation  piotnre*   Isobntyl 
formate  and  iso  amyl  formate  (Part  I)  may  exhibit  negative  endos* 
moae  beoause  the  positive  group  is  larger  or  more  strongly  adsorbed 
than  the  negative  part  of  the  moleoule*  It  would  seem,  when  using 
filter  paper  membranes »  that  most  substances  are  oriented  with  the 
negative  or  most  aotive  (polar)  group  toward  the  membrane* 

When  salts  are  dissolved  in  the  solvent «  eaoh  ion,  after 
being  selectively  adscrired,  produces  its  effect  upon  the  established 
eharge*  This  seoondary  effect  is  pure  adsorption,  if  we  eliminate 
the  possibilities  of  chemical  action*  But  the  order  of  the  effect 
is  specific  for  the  ion  combination  and  for  the  solvent  employed* 
This  has  been  clearly  shown  in  the  experiments  on  the  effects  of 
oertain  salts  and  on  the  Hof  teeister  Series*  An  ion  effective 

in  effect 

in  one  solvent  may  be  practically  sero^in  another  solvent*  further^ 
an  increase  in  valence  does  not  necessarily  increase  this  effiiot, 
although  chemical  action  might  play  an  important  role  in  the  case 
of  organic  solvents,  particularly  under  the  influence  of  a  high 
potential  gradient. 

She  author  has  searched  diligently  for  some  marked 
change  in  the  thermodynamic  environment  which  would  explain  and 
account  for  these  reversals,  particularly  in  the  alcohol  series* 
Ho  such  variation  was  found  but  the  study  has  led  to  the  above 
theory  as  stated;  a  theory  of  adsorption  orientation  at  the  sur* 
face  of  contact  of  the  liquid  and  membrane# 
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Considering  Stbles  1«  2  and  3  we  see  in  the  ease  of  ftor- 
ftcrsl  a  rapid  decrease  in  the  rate  of  flow,  showing  the  oharge 
qulokly  estahllshed  on  the  membrane,  the  decrease  helng  dne 
louhtless  to  ohemloal  action  and  electrolysis*  Isopropyl  aloohol 
and  o^nltro  toluene  reaoh  a  maximum  slowly,  showing  a  slow  orien- 
tation of  the  molecide  and  a  slow  adsorption  to  attain  the  mazlmnm 
oharge* 

It  does  not  seem  necessary  to  add  anything  to  the  explana- 
tion proposed  for  the  change  of  endosmose  rate  with  change  of  permea- 
bility* (Part  I)*  Duplication  results  require  no  explanation  ex- 
cept that  changes  in  permeahility  rates  may  account  for  some  of  the 
differences* 

As  the  push  or  pull  upon  the  liquid  phase  must  he  mea- 
sured hy  the  applied  potential,  an  Increase  of  voltage  must 
necessarily  cause  increased  flow*  This  does  not,  however,  appear 
to  be  a  linear  function* 

When  we  add  to  the  solvent  an  acid  or  alkali,  the  ions 
thus  produced  are  hound  to  be  selectively  adsorbed  by  the  membrane 
and  affect  the  originally  established  charge*  This  is  pure  adsorp- 
tion and  should  reduce  the  flow  with  acid  and  Increase  with  alkali^ 
unless  in  this  particular  solvent  there  is  exhibited  a  specific 
adsorption  for  the  other  ion.  This,  together  with  the  possibility 
of  chemical  action,  will  explain  all  the  curves  produced* 

Increase  of  temperature  decreases  the  viscosity  of  a 
liquid  and  at  the  same  time  Increases  Its  mobility*   This  would 
tend  to  increase  the  ease  of  l)rlentatiDn  of  the  molecules  and 
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their  rata  of  adeopption,  but  not  neoessarlly  as  a  linear  ftinotion^ 
Curves  16,  17  and  18  show  this  inorease  and  have  heen  previotisly 
explained* 

It  does  not  seem  neoessary  to  add  anything  to  the  ex- 
planation of  the  results  obtained  by  the  addition  of  various  salts* 
It  has  been  shown  to  be  a  speoifio  property  of  the  solvent  whioh 
produces  these  effects*  Adsorption  and  orientation  are  specifi6 
88  is  also  the  effect  of  the  solvent  upon  the  seleotive  adsorption 
of  certain  ions* 

Why  the  effect  of  a  dissolved  salt  should  be  a  maximum 
at  a  definite  ooncentration  has  been  explained  on  the  basis  of 
adsorption  (Part  I)*  This  does  not  interfere  with  the  theory  of 
orientation  whioh  applies  only  to  the  solvent  molecules* 

As  water  is  added  to  a  solvent  it  tends  to  orient 
itself  with  the  OH  ion  or  0  atoms  at  the  surface  of  the  membrane* 
If  the  water  molecules  should  be  less  highly  adsorbed  than  those  of 
isopropyl  alcohol,  then  the  first  additions  of  water  would  be  merely 
to  dilute  the  surfaos  layer  charge  by  pushing  the  alcohol  molecules 
farther  apart*  As  the  per  cent  of  water  was  increased  the  viscosity 
would  also  decrease*  Hence  the  endosmose  would  finally  reach  a 
mininram,  as  shown  by  the  curve,  and  then  increase  up  to  that  of 
100  per  cent  water*  When  a  salt  is  dissolved  in  the  solvent,  the 
problem  is  complicated  by  specificity  of  ion  adsorption*  The  posi- 
tive ion  might  be  more  highly  adsorbed  in  the  solvent  and  the  re- 
verse be  true  in  water*  This  would  tehd  to  produce  a  smooth  curve 
without  a  minimum*   If  the  reverse  were  true,  the  tendency  would 
be  toward  a  maximum  in  the  curve.   It  might  even  cause  a  reversal 
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through  lero  as  ehown  in  the  pyridine  curve  and  others  in  Part  I# 
The  final  ctirve  must  he  a  resultant  of  all  of  these  faotors  tend- 
ing to  ohange  the  rate  of  endosmotic  flow* 

The  studies  on  the  Hoffineister  Series  have  heen  fully 
disoussed. 

Some  very  peculiar  results  mere   noted  when  using  certain 
salts  that  require  a  word  of  coininent#  When  SR^JSO^  was  dissolved  in 
furfural  and  readings  taken^  the  huhhle  was  almost  stationary  for 
a  period  and  then  started  toward  the  anode*  As  the  flow  continued^ 
it  became  slower  and  finally  reversed  toward  the  cathode*  This 
reversal  took  place  at  each  reversal  of  current «  the  anode  flow 
becoming  less  and  less  each  time  and  finally  sero«  The  remaining 
reversals  of  current  gave  only  *athodic  flow.  The  phenomenon  was 
repeated  wit)at  Zl   in  acetone,  £C17K  in  isopropyl  alcohol  and  in 
several  runs  in  the  previous  series*   It  v/es  also  noted  in  some 
oases  that  the  effect  of  the  adsorbed  ion  was  built  up  very  slowly* 
This  latter  might  be  due  to  a  time  element  in  adsorption*  The 
reversals,  however,  are  probably  due  to  an  orientation  of  the 
charge  in  the  membrane  pore  due  to  different  migration  velocities 
of  the  ions*  Hence  it  is  only  apparent  until  adsorption  is  complete* 

This  assumption  has  formed  the  basis  of  most  of  the  work  of  Bartell 

13 
and  his  co-workers   on  free  osmosis* 

13*  J*  Am.  Chem*  Soc*,  36,  646,  (1914)4  36,  1036;  1039  (1916) 
J*  PhysicChem*  24,  444  (19£0)* 
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80MB  MATHEMATICAL  eOMCBPTIOHS 
The  Smoluohovskl  aquation  for  alaotrlo  endoamose  la  gWen 


88 


The  only  tmdeteriBlnad  quantity  here  la  a  and  thla  haa  been  meaaured 
in  the  oaae  of  glaaa  and  water.  ^  But  thla  equation  preaerrta 
endoamoae  aa  a  linear  function  of  the  applied  potential,  B«  The 
currea  obtained  are,  however,  not  linear  ant  a  oorreotlon  aeema 
neoeaaary.  A  factor  repreaentlng  the  permeability  of  the  mem- 
brane  doea  not  appear  at  all^  Aa  the  curvea  for  thla  function  are 
•11  of  the  aame  general  ahape  an  enperical  factor  might  alao  be 
determined  to  repreaent  thla  regularity* 

Let  ua  tabulate  first  (Table  36)  the  reaults  aa  obtained 
for  the  Tsrloua  aolventa  uaed  agalnat  a  filter  p£per  membrane. 
Theae  are  arerage  results  taken  from  duplication  runa# 


14.  Cameron  k   Oettlnger  *  Phil.  Mag.  18,  686  (1909). 
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TIBLB  36 


51-"  ■ 

Ylaooalty 

M«m- 

Volt- 

-Ctur- 

rao- 

om/eeo 

on/a 60 /volt 

Dlalaotrlo  Ooaffi- 

ilvent 

'brane 

age 

rant 

tlon 

Tamp.Oamosa 

Oamoaa 

Conatent 

olent  at 

Tamp. 

8M-689 
Thlolcnaaa 
iter         6       £89.0  5.8 


atone     8 

qrl  6 

loohol 
tro-       8 
lensene 
Tidine  6 

nsal-     6 
ehyde 
Bntyib     6 
loohol 
(Tfural  6 

0  proiia4 
loohol 
Iltro     6 

olnena 


£89.0  0 
623.0  0 
656.0  0 
841.0  0 
964.0  0.6 
964.0  1.0 
760.0  1.0 
869.0  1.0 
860.0  0 


£6* 


0.696 


£6"   0.610 

.0 


£6 
£6< 


0.166 
0.7B6 


26.6  0.083 

,0 


26 
26* 
£6' 
£6< 


£6 


0.£9T 
0.188 
0.202 
0.717 
0.664 


£4.0X10 

17.6  •• 
£.6  •• 

13.0  • 

0.8Z10 
31.0  " 

19.7  • 
26.9  " 
83.4  « 
76.9   « 


-4 


80    0.00896  at  £6^ 
£0.7-33.8  0.00346  "  £6° 


-6 


10-30 

34- 4£ 

12.4 

14-17 

16 

41.7 

13.6 

29.7 


0.04004  "  £3 
0.01834  »  £6^ 
0.00877  "  £6^ 


0.0£80£  "  £1.8 


0.02221  "  £2.2 
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4nd 
TlBooslty  data  4/^ taken  from  LcndoltyvBOrnstainl^Ta^llen 

asdreelao  the  arerage  ileleotrlo  oonatant^.    The  membranes  were 

oonstant  la  area  being  3S  m.m.   in  diameter.     The  length  betirefla 

the  el^otrodes  (1)  nae  oonatant  at  6*5  om.     Aa  the  oalonlations 

are  carried  ont  to  om/seo  per  TOlt«   B  is  also  a  constant  :=  1 

Henoe     ^  *         is  constant  =  0.£3 

e  P 


and  T  =  O.SS  X 

e  is  toaiknoiirn  but  r  can  be  obtained  by  multiplying  the  rate  of 
osmose  by  a  factor  0«lt6  which  represents  the  average  ▼oltOBe  in 
e.o*  of  one  cm.   of  the  bubble  tnke* 

Uaking  no  corrections  for  temperatiire  or  permeability 
variations  we  obtain  (snbstitnting  in  the  abOTe)   for: 

Water     0.126  x  24.0  x  10"*  s   a^^  x  0.23  x  8938.6 

Acetone0.1«6  x  17.6  x  lO'*  -  •o  *  ^'^^  ^  7861.2 

-4 
Amyl       0.126  x     2.6  x  10       =  O3  z  0.23  x  499.6 

Alcohol  A 

Uitro-  0.126  X  13.0  x  lO"     r  e^  x  0.23  x  2071.9 

Bensene  . 

Pyri-     0.126  x     9.8  x  10"^  =  e-  x  0.23  x  1413.9 

dine  -         ** 

lSr-BtitylO.126  X  19.7  x  10"**  -  ^a  *  0.23  x  642.3 

Alcohol  _    ** 

Isopro-0.1B6  X  83.4  x  10'**  =■  «^  x  0.23  x  621.3 

pyl  Alcohol  ® 

These  equations  if  used  in  calculating  Q  would  give 
values  of  an  order  of  magnitude  much  smaller  than  those  of 

IB 

Cameron  and  Oettinger.    But  hsre  the  voltage  is  considered  a 
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llnMr  flmotion  and  permaa1:)llit7  has  not  been  taken  into  aooount# 

Let  us  oonaider  the  oorreotion  neoesaarj  to  apply  to 
the  equation  aa  derlred  from  the  voltage  against  rate  of  endosmose 
ettrTes#  Both  the  linear  fnnotlon  and  the  onrre  obtained  must  pass 
through  the  origin  as  when  yoltage  Is  sero  the  endosmose  must  he 
iero«  The  curres  obtained  experimentally  In  both  parts  of  this 
paper  were  plotted  on  logarlthmlo  paper  as  shown  In  the  acoompany* 
Ing  ohart*   It  will  be  noted  that  eaoh  ourve  i|)proxlmates  a  straight 
line  within  the  range  of  experimental  error#  The  error  here  Is 
probably  large  when  we  consider  that  the  oaplllary  bubble  tube  Is 
bound  to  exhibit  more  frictlonal  resistance  when  the  solvent  Is 
moving  slowly  than  when  moving  rapidly.  This  factor  would  tend 
to  assist  In  shaping  the  curve. 

The  equation  for  such  curves  would  be 
V  =Z  X  B*^ 
where  m  Is  the  slope  of  the  curve  and  Z   the  Intercept  on  the 
horizontal  ixls*  It  should  be  noted  that  these  curves  are 
drawn  with  the  variable  v  on  the  horlsontal  axis  and  as  slopes 
are  ordinarily  measured  the  equation  should  read  vsE  s7  ,  Here 
m  is  considered  as  equal  to  l/L   and  Is  therefore  measured  by 
dividing  the  horlsontal  by  the  vertical  components*  The  curves 
are  so  drawn  to  compare  with  those  on  plain  graphing  paper* 

If  msl  then  the  curve  becomes  a  straight  line  on  or- 
dinary plotting  paper.  But  In  these  curves  the  slope  Is 
generally  greater  than  1.  This  relationship  applied  to  the  general 

equation  would  give  ^  (g  b°)  q  e  D 

^^        4  TrrJ  I 

Where  £  and  m  are  constants  depending  upon  the  solvent  andTdeter^e 
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Blned  by  th«  «lop« 

of  the  logarlthmlo  otirve*     These  yaltiea  were 

o«r«ftai7  iM88tar«d 

in  several 

oases  and  gare  the   following  resnlts 

for  B  and  Z 

1 

Z 

fitffartl 

1.06 

0.0£fiO 

Itopropyl  Aloohol 

1.63 

0.0168 

0-litro  tolti«n« 

1.47 

0.0370 

V-Butyl  Aloohol 

1.01 

0.020S 

Bonis Idohydo 

l.Oi 

0.0118 

Fyrldlno 

0.90 

0.0118 

Iltrobeniono 

1.T6 

0.0 SSO 

AB7I  Aloohol 

1.16 

0.0806 

Water 

£.1£ 

0.0886 

The  Introduotlon  of  these  valties  would  not  affeet  the  remaining 
rxms  ae  the  voltage  was  kept  constant. 

It  has  been  suggested  that  this  correct ion  might  he 
partly  due  to  friction  in  the  capillary  bubble  tube#   £f  this 
were  the  shaping  factor,  then  the  curve  of  a  substance  like  acetone, 
where  the  flriction  is  almost  negligible,  should  be  more  nearly 
linear  than  for  the  alcohols  usede   It  is  not*   In  fact,  the  more 
vise  OTB  substances  varied  least  flrom  a  straight  line,  though 
this  was  partly  due  to  a  piling  up  in  the  electrode  chambers 
when  applying  high  voltages*  These  more  vlst  ous  liquids  passed 
through  the  membrane  faster  than  they  could  pass  through  the  bubble 
tube.  To  test  this,  the  apparatus  was  set  up  with  a  measuring 
tube  of  6.6  m.m.  Internal  diameter*  The  movement  was  so  slow  with 
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Itopropyl  aloohol  that  the  tuba  W£8  changed  for  one  4*3  n«m» 
In  diameter •  The  reatiltB  in  Tehle  37  were  obtained.  By  this 
time  some  of  the  hatterlea  were  entirely  uaelesa  ao  that  high 
▼oltagea  were  not  attainable  but  the  exotre   is  no  nearer  a 
linear  ftuxotion  than  before  ezeept  for  ita  oentral  portion* 
There  might  a till  be  a  alight  oapillarity  at  the  atop  oookt  but 
it  doea  not  aeem  plauaible  as  cauaing  the  regular  yariation 
noted  in  the  mathematioal  deriyation  of  such  our yes*  Thia 
phenomenon  la  being  atudied  further. 
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ISOPROPYL  ALCOHOL 


Di- 

i  M^m-  OvoC"  roo>  om/seo  om/seo/TOlt 

br«n»  Solntion  Toltaiw  rtnt  tion  T»ai)>  Btiblalt  OBmoa»  OBmoae 

»  Thiek-  laopropjS.  , 

n«8s      Aloohol  o  R 

MbS-6e9           "           697.0       0         ♦         86  8  m.m.  0.176  £6.6  z  10*^ 

"  "^  O.llE  17.8  X  " 

"  "  0.084  14.0  X  " 

"  "  0.060  14.3  X  " 

"  "  0.068  14.2  X  " 

"  "  0.048  13.8  X  " 

"  "  0.084  9.8  X  " 

"  "  0.017  10.9  X  " 

•♦  "  0.012  11.6  X  " 


697.0 

0 

♦ 

628.0 

0 

4 

686.0 

0 

♦ 

418.0 

0 

♦ 

366.0 

0 

♦ 

312.0 

0 

♦ 

869.0 

0 

¥ 

166.0 

0 

* 

104.0 

0 

♦ 
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How  let  VLB   obeerva  the  otiryas  for  rata  of  parmeablllty 
agalnat  rata  of  andoamoae*  The  portion  of  thaaa  ourTaa  lialow  tha 
maziiram  approxlraataa  in  erery  caae  a  atralght  lina  throngh  the 
origin  and  tha  point  of  maxioram  andoamotio  flow*  Ihia  muat  be 
true,  haosuae  aa  tha  membrane  ia  inoreaaed  in  thioknaaa  and  tha 
permeability  rata  approaohas  laro,  tha  andoamotio  rate  muat  alao 
approach  lero  aa  a  limit.  The  equation  for  atioh  a  onrve  wonld  be: 

T^Kl  p     (1) 
where  ▼  is  the  endoamoae  rate  aa  before  snA  p  the  rate  of  permea* 
bility  aa  meaanred  experimentally. 

The  upper  portion  of  theae  onrvea  ia  not  ao  ainple. 
Theae  cnryaa  ware  alao  plotted  on  logarithmic  paper  (aocompanying 
ohart)  and  fonnd  to  approximate  atraight  linaa*  Thla  would  give 
aa  a  relationahip  representing  the  upper  portion  of  the  ourre: 

y:=Kg  p-*    («) 
where^p)i8  th^  rate  of  permeability^fa)  the  slope  of  the  ounre 
and(E|^  ita  itercept  on  the  horizontal  axia*  Here  again  tha 
alopa  muat  be  determined  by  dividing  the  x  or  horiiontal  com- 
ponent by  the  y  or  vertical  component*  This  relationahip  of 
vs  ££  p"*  holds  up  to  a  thickneas  of  membrane  giving  maximum  rate 
of  endosmose.  Beyond  this  point  the  rate  of  endosmose  is  a  linear 
function  of  the  rate  of  permeability  represented  by  p.  Thia 
maximum  cannot  be  predieted,  aa  it  variea  with  both  solvent  and 
membrane t  and  muat  be  determined  experimentally* 

The  porosity  of  the  membrane  ia  inversely  proportional 
to  the  rate  of  permeability. 
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If  1  repr98«Bt8  th«  porosity  thon 
p  =  oonstant  z  ~  =  ~ 
tu^stitnting  in  e^itiation  (1) 

roprevontlng  this  no«  oonstant  by  E^^ 

▼  =  H^  p'-^     (a) 
snbstituting  in  sqtiatlon  (8) 

▼=Kg  (!)-•=  (Kg  h-«)  P» 
or  rsprasanting  this  new  oonstant  by  H2 

▼  =:Hg  P*        (4) 

Bquation  (3)  raprasants  tha  lowar  and  aqtiation  (4)  tha 
uppar  portion  of  tha  oiirva  whan  tha  porosity  is  snbstitntad  for 
rata  of  parmaabllity. 

from  (3)   P  =  Hj^/v 

From  (4)       P  =  Iy/v7H2 
and  tha  aqtiation  baoomas  (P  -  H^/v)    fP  *  %^/E^)  =  0. 

All  tha  faotors  in  aquations   (1)   and  (8)  aro  knonn 
leaving  only  tha  xmidatarminad  (h) ,     Bnt  as  the  same   grade  of 
filter  paper  was  need  in  every  0SS6  «e  may,    for  all  praotioal 
pnrposas,   take  p=l/P. 

Substituting  as  above,  «e  get 

From  (1)     P=Ki/v 

from  (8)  P=iv^K£ 
and  the  equation  (P  -  Ki/v)  (P  -  a^/v7lCg)=  0  containing  measuTEbla 
quant it^a. 
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It  was  thought  advisable  to  atndy  one  aolTsnt  throngh 
a  widar  range  of  poroalty  variations*  Aooordingly^  iaopropyl 
aloohol  was  aeleoted  and  the  reanlta  are  shown  in  fable  58  and  its 
aoconpanying  onrve*  Xhis  fixes  the  eontention  that  the  maxinraa 
is  sharp  and  definite*  and  that  the  onrve  for  deoreasing  rate 
appears  to  be  a  straight  line  through  the  origin* 
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TABLB  36 

D«e«  3,    *S0. 

laopropyl  aloohol  ▼«  SliS  Paper,  lo.   689. 

SI-  om/eoo 

Man-  Yolt-  Ctir-  r«o-  om/seo  on/seo/TOlt  Parmaa- 

trana  lolntlon    ajta     rant  tlon  Tamp»  Bnbbla  Oamoee  Oemoaa  l)llity 
Thloklaopropyl 

6     m.n.  0.15E     £6.4  x  10"^  1.60 

S.S"  "     0.176.  30.6  X  "  0.88 

4     "  "     0.280     38.2  X  "  0.62 

6     "   ••     0.284     49.6  x  "  0.60 

6.6"   "     0.310     63.8  x  "  0.46 

4.6"   ••     0.274     47.6  x  "  0.42 

4     "   "     0.218     37.6  X  "  0.80 

3  "   "     0.197     34.2  X  "  0.27 

4  "  "  0.166  28.6  X  "  0.20 
6.6"  "  0.147  26.6  x  "  0.18 
6  "  "  0.133  23.1  X  "  0.17 
6     "  "     0.120     20.8  X  "  0.17 
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